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ſearches diſcovered, by effects which 
were at to him, that ſome ſubtile medi- 
reat. elaſtic force, muſt; neceſſaril 

Mel B the ſurfaces of all bodies, to ca 
the reflection and refraction of light, &c, 
but being profeſſedly ignorant of what that 
ee or power may be, he ſaid chat he 

d call it ther... ich 

rom the modern diſcoveries. a 
ticity, many. gentlemen have deglared that 
electricity was the æther of Sir IJſaac New- 
ton; but being ignorant of the mediums or 
powers which conſtitute what we ealleleg- 
tricity, and conſequently ignorant ↄf the nay 
ture and properties or general layys hy which 
thoſe powers act, it was impoſſible forſthem 
to ſhew how electricity was adapted t the 
lere, to 1e that great man applied 

is æt 


bet. f f tt to ting off Mn 


— 


A UL WI 1d SMOKER 2 5113 110 1 For 


iv P R E F A C E 


For hithertd electricity (except what may 
be found in the following tracts, and what 
L ſhall mention) has been conſidered as a 
ſubtile medium ſubſiſting they knew not 
here, and acting they knew not how. I 
ow find that ſome gentlemen, who firſt en- 


: quired into this matter, ſuppoſed that there 


were two kinds of elcAricity ; and fome 
others followed their opinion; particularly 
Mr. ;>Muſehenbroek has aſſerted that there 
were two kinds of electricity, and that any 
body may be endued with either kind at 
pleaſure ; ; but that it was impoſſible that 
any body ſhould be in poſſeſſion of both at 
once; but where that gentleman has been 
miſtaken; the following tracts will ſhew; 
and that it was impoſſible for him to have 
explained, his own famed and very uſeful 
experiment of enen, * en by that 
ky ae ray 10 Ins n * 
Mr. Ben amin Frankian, "Wh hay: 13 
atly rs Boks: eſpecially by the Engliſh, 
> produced another doctrine of electricity. 
He fiappelſes that electricity ſubſiſts in glaſs, 
and that glaſs by being rubbed,” throws out 
that power, and that ſealing-wax; "reſins, &c. 
drink it im; And in electrifying other bo- 
dies, he ſays that ſome may be electriſied po 
fitivelyand ſome negatively ; which are terms 
I muff confeſs that I do not underſtand; but 
what I think he muſt mean by them is, that 
when a body is poſitively electrified, there 
e part of that power which is thrown 


om the glaſs, ſtopped or — 
that 


\ 
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that body; and that muſt be. the . cauſe 
of that body's repelling another body ſo 
electrified; and when a body is negatively 
cleQrified, it muſt be diveſted of 7785 of its 
natural ſhare of electricity; but it electricity 
ſubſiſts only in glaſs, and not in all other 
bodies, how is it poſſible to diveſt a body of 
what it never had? and he ſays that two . 
bodies negatively electrified, repel eachother 
as much as when poſitively electrified. But 
to me it appears a perfect contradiction to 
ſay that two bodies ſhall. repel each other 
the farther, the more they are diveſted of 
the repulſive power. This plain contradic+ 
tion, one would think, might have made 
this ingenious gentleman ſuſpect that there 
was ſomething fallible or deficient in his doc- 
trine of poſitive and negatiye electricity; 
yet in ſome experiments , communicated 
to the Royal Society, he makes it a princi- 
le in his doctrine of electricity; where he 
th mentioned three under the cxprels title 
of principles, in the 49th Volume of Philoſ 
r, $i db if cot in 
His firſt principle. Electric atmoſpheres 
that flow round non- electric bodies, being 
brought near each other, do not readily mix 
and unite into one atmoſphere, but remain 
ſeparate, and repel each other. 
Second principle. An electric atmoſphere 
not only repels another clecric atmoſphere, 
but will alſo repel the electric matter con- 
tained in the ſubſtance of a body approach- 


— 
+ - 2 
e „14 N A 9 5 A Ing 
214144 4 4 0, 14 3 "IF. & &*+ Tk VG * 
M 4 : F Ep 3 T 
< s $ o -. * . \ * * — oy F * Wo * 5 — 4 * 45 = 4 * * % * 
20 1 FS" 3 3 , 7 * == . * Aa * ? 3 a * 0 +8112 
? — — 5 
> +, * * 
Sr Br EE „ 45 
* 4491 #&. * ” # 


vi TT AST ACS 

ing it: And without joining or mixing with 
it, force it to other parts of the body that 
contained it. a 0 3g 
' Third principle. Podies electrified nega- 
tively, or deprived of their natural quantity 
of electricity, repel each other, (or at leaſt 
appear to do ſo, by a mutual receding; as 
well as thoſe cleArified poſitively, or which 
have electric atmoſpheres. | ; 

His firſt principle is true, when the atmoſ- 
pheres are of one kind; but quite falſe when 
they are of different kinds; for there the 
attract each other and inſtantly join; as will 
be ſeen in the following, and all other ex- 
periments. -e 
In his ſecond principle he allows that the 
electric matter exiſts in all bodies; tho' in 
ſeveral of his writings he confines it to glaſs. 
But before we can know how an electric at- 
moſphere acts on this electric matter, we 
muſt enquire what this electric matter is, and 
of what it conſiſts, and how it acts and is 
ated on. If it conſiſted of a ſingle medium 
or power, his doctrine would in ſome meaſure 
be true, but the effects which always appear 
would not follow. But this electric matter, 
or what we call electricity, conſiſts of two 
different diſtinct elaſtic mediums or pow- 
ers, which equally and ſtrongly attract and 
condenſe each other, and are equally at- 
trated by all matter, according to the ſpe- 
cific gravity of the matter, as will appear in 
the File wg tracts. Therefore when any 

is immerged in an electric atmoſphere, 
that atmoſphere only repels that power of 
| electricity 
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electricity which is of the ſame kind in the 
body; but equally attracts the power of a dif- 
ferent kind which is in the body; and while 
that body remains ſo immerged, the different 
powers in that body remain ſeparate; with 
their different atmoſpheres at each end of 
that body; which will be more particularly 

explained in what I call an experimentum 
Crucis, and many other n in the 
following tracts. 

As to his third principle, it is ans erro- 
neous to ſuppoſe that bodies by being nega- 
tively electrified (as he terms it) are deprived 
of their natural ſhare of electricity: for they 
are no more deprived of that, than when 

they are poſitively electrified; and I am ſur- 
priſed to find that a gentleman, Jo converſ- 
ant with electricity, ſhould think that bodies 
electrified negatively, are without electric 
atmoſpheres; when all experiments ſhew 
that they have as extenſive atmoſpheres 
as. when clearified poſitively; and that 
they act in all reſpects in the ſame man- 
ner. For when a body is electrified ne- 
gatively, it is impoſſible for him or any one 
elſe to tell, by any effects of that body on 
another body which fis not electriſied, by 
which power that body is electriſied; nor is 
there any way of diſcovering it, but by bring- 
ing another body clectified, with a known 
power, to try . its atmoſphere attracts 
or repels the atmoſphere of the body electri- 

fied with an NN power. 
. Now it is plain from theſe. principles, and 
by all the other * of this gentleman, 
A 4 which 
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which I have ſeen, that he makes electrici- 
ty conſiſt: of one ſingle medium or power; 
without ſhewing how this power may be 
found with an extenſive atmoſphere, or how 
that atmoſphere can produce the phenomena 
which ariſe fom electrical experiments. We 
are told that friction makes glaſs throw it out, 
and that ſealing-wax, reſins, ſulphur, &c. 
drink it in. But how 1s this done? This 
_ ſuppoſition is very fallible; for I can make 
E throw out the - reſinous or vitreous 
power at pleaſure, or I can make ſealing- 
Wax throw out the vitreous or reſinous 
er as often as I think fit, and I can alter 
this action of the wax twenty times in a 
minute. I call the powers reſinous and vi- 
treous for diſtinction ſake; for I do not 
know any eſſential difference to diſtinguiſh 
— by. 
But ſuppoſing there was but one kind of 
R atmoſphere; by what action can it 
diveſt a body of its natural ſhare of the elec- 
trie matter? ſince this gentleman allows that 
the electrie matter exiſts in all bodies. It is 
intolligible how it may add to it, but not 
how it can take from it. In his explaining 
the charging and diſcharging the Leyden 
bottle, he is obliged to have recourſe to a 
ſtrange e hypotheſis ; that there is ſome ſtra- 
tum or partition in the middle of glaſs which 
ſeparates the two ſides; and that when the 
electric fire is accumulated on one fide of the 
glaſs, the other fide parts with as much of 
Its Fre good N as "was s 'ecelyed a 
ie 411. * * 
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firſt; and that when a communication js 
made between* the fides, by any conductor 
of electricity, the emptied ſide greedily drinks 
up the electric matter accummlated on the 

other ſide. But this is an entire miſtake; for 
when the bottle is charged, it is equally elec- 
trified on both ſides, but with the different 
powers of electricity ; and when a commu- 
nication is made by a conductor, the increaſ- 
ed power without, flies in; and the increaſ- 
ed power within flies out; to make” the 


powers equal to each other within and with: 


out; for theſe powers ſtrongly attract and 
condenſe each other when equal to each 
other; which is their natural ſtate in all bo- 
dies; and therefore they do not exert any 
ſenſible action in that ſtate. Glaſs may be 
e electrified on both fides with either 
the reſinous or vitreous power; and this may 
be done by excited glaſs or wax when they 
throw out the uſual powers; or it may be 
done by the atmoſphere of any body electriſi- 
ed by glaſs or wax; or the Leyden bottle, ſuſ- 
pended by ſilk, may be charged with either 
of the powers inſide and the other power 
outſide, by only immerging it in the atmoſ- 
phere ot a body eleQtified with either of the 
powers, and may be diſcharged, and recharg- 
ed in the different order, without contact 
or communication with any thing but that 
atmoſphere, "Theſe experiments, or any 
other, cannot be explained by the action of 
one finigle medium or power. From this 
imapinary ſtratum or partition in glaſs, this 

gentleman 
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gentleman concludes that glaſs is impervious 
to the electric powers; but in this he is al- 
ſo miſtaken; r with excited wax or glaſs, 
1 can electrify a body through glaſs, with 
which ever power a ſpectator ſhall pleaſe to 
name at the.znſtant of performance. 1 have 
ſhewn theſe, and, many other experiments 
to a great number of gentlemen, ſome of them 
converſant. with electricity, who thought 
them ſufficient to demonſtrate to the meaneſt 
capacity, that two different diſtinct medi- 
ums or powers did exiſt in electricity; and 
that they ated by the laws which I have 
mentioned in my letters. But as the deſign 
of theſe letters was to ſhew the exiſtence of 
theſe powers, and by experiments to demon- 
ſtrate the general laws by which they acted; 
I ſhall refer to them. 

The letters, which contain the dodrine of 
theſe different powers in electricity, were ſent 
to the Royal Society, on the gth of Auguſt, 
1757, and 14th of February, 1758. 

n the end of the year 1759, in the vol. 
Tranſactions, page g71, Robert Symmer, eſq; 
has produced a doctrine; that electricity does 
not conſiſt of one poſitive power, as general- 
ly ſuppoſed; but of two diſtinct, poſitive and 
active powers; which, by contraſting, and, 

as it were, counter-aQing each other, pro- 
duce the various phænomena of electricity. 
I here uſe his own expreſſions. 

At firſt I really thought that this gentle- 
man might have taken hints om me my eve 1 

| but, 
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but, on more mature conſideration, I think 
his own experiments might have led him to 

this doctrine; in which, as far as he has gone, 

he is certainly right; but he went but a very 
little way to explain this matter. But, as 

Mr. Symmer ſays, that Mr. Prank#n could 

not be brought to agree with him; I e 

is the reaſon that Mr. Symmer has not ſince 

purſued his diſcovery. I A have tried his ex- 
periment with black and white filk ſtock- 
ings; and find it true, that the black ſtock- 

ing is always eleQrified with the. ſame pow- 
er, whether it is put inſide or outſide; and 
the white ſtocking always electrified with the 
contrary power. This experiment is a very 
extraordinary one; and, I think, may poſſi- 
bly lead to a diſcovery how the _ come 
to be electrified with the differen ers of 

electricity; which is the great * 

to demonſtrate the whole actions of the 

clouds, in their aſcent and deſcent, and rela- 
tive to thunder, rain, &c. But the want of 
this knowledge does not any way invalidate, 

or retract from what I have ſaid on this ſub- 

ject; ſince n clouds are found to be n 

ſo electrified. 

In the year 1767 Mr. Jaſeph Prieftley 
publiſhed his hiſtory of electricity; in which 
heattempts to mend Mr. Symmer's theory, by 
a ſuppoſed theory of his own. But he fo — 
gularly ſuppoſed the theory which I gave 
the following tracts, toes before Mr. — 
mer or he thought. of t) and uſed my terms 


and a that I cannot forbear think- 
ing 
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ing that he had better have brought my ex- 
periments to prove it, (ſince he produced 
none of his own and put my name to it, 
than to have left it a ſuppoſitious theory of 
his own. Whether, in this, he is, or is not 
a plain plagiary, I muſt ſubmit to the read- 
ers of both. 

It will plainly appear, that I hive not fops 
poſed the exiſtence of theſe different powers; 
but that I have demonſtrated by the effects 
of electrical experiments that they do really 
exiſt; and have alſo thereby ſhewn the gene- 
ral laws by which they act, and are acted on. 
And, if more experiments are wanted, L 
could give a thouſand; nor did I ever meet 
with any experiment which did in the leaſt 
contradict what I have ſaid of theſe powers, 
or their manner of acting; though, for many 
years I have 4 2 them to various 

purpo — He 4 to medicinal uſe ; by 
which I us cured above five hundred — 
ents of different diſorders, without applying 
any other medicine internally or externally. 
Among which were many paralytics; ſome 
with — ſome with paraplegias, 
ſome with palſeys, that began in the extre- 
mities, and worked up beyond the waiſt, ſo 
that they. knew not when their excrements 
went from them. I have cured rheumatiſms 
(not of the inflammatory kind) almoſt inſtan- 
taneouſly, in a miraculous manner; agues, 
jaundice, obſtructions in women, and many 


other diſorders, in which I thought the ef- 
uf theſe powers might de e, oe 


veral 
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veral phyficians have ſubmitted to be my 
tients, when the knowi materia medica 15 
ter long trial, has not anftrered their 
ole.” Toffered to ſend an account of 
res, and the manner of 3 — 
Royal Society; but; as they did not think 
Prop per to anſwer my letter, I did not think 
it worth the while to trouble myſelf wir ſo 

olix à detail as was neceflary to explain 
iis affair; and as to their not anſweringꝭ or 
publiſhing many of my letters, IJ think that 
have great reaſon to tomplaily; as 1 ſhall 
thew | preſently. 9117 0 enim YH 
Bot, to return to hy Frlesd Mr. PrieÞiey, 
who his ſo methodically ſuppoſed my —" 
ory of electricity. Though he is 10 good at 
1 can he poſſibl/ ſuppoſe that an 
man will think that he could fuppoſe ſo re- 
lar a theory of eleQricity,” which ſo eaſily 
leu for all the phænomena thereof, and 
which has puzzled all the ingenious met of 
the world to diſcover} without his producing 
one ge experiment to ſhew the exiſtence 
of the different powers, or their manner of 
acting; or, 5 5 any man has read theſe 
letters, which were addreſſed to the Royal 
Society, of Which Mr. Frieſeley is a Fellow, 
muſt he not think that Mr. Prieſleꝝ has 60> 
Ned his theory from them? as, indeed; he 
followed ah very cloſe in his ſuppoſi- 
tions; for he only fuppoſes the actions of 
theſe powers all along; but he has negleRed 
to ſuppoſe the principal action, which I have 


mentioned, and which removes all difficulty 
. 
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in explaining all their other actions, vig- 
That, when they are equal to each other, 
they not only attract each other, but con- 
denſe each other into almoſt an inſenſible 
compaſs; which is their general ſtate in all 
bodies, as they are both equally attracted by 
all matter; and that when they are any way 
ſeparated, which muſt be done by encreaſing 
the one and leſſening the other power, for 
they never can be entirely ſeparated in any 
body, the encreaſed power by its elaſtic 
force will expand itſelf through a ſpace ma- 
ny millions of times greater than what it 
took up in its condenſed ſtate; as I have of- 
ten proved by experiments ſubject to ſenſe. 
Now, if any gentleman can think this hy- 
potheſis is Mr. Prieſtley's own, he muſt, at 
leaſt, do me the honour to ſay, I have been 
ten years before him; and, if real experi- 
ments are better proofs of the truth of ſuch 
a doctrine, than bare ſuppoſitions, he muſt 
alſo allow that I have proved it better and 
clearer than Mr. Prieſtley has done. Had 
the Royal Society thought fit to publiſn theſe 
letters, it would have ſaved Mr. Frieſtley 
the trouble of ſo much ſuppoſing; but muff 
take the liberty of ſuppoſing that Mr. Prieft- 
ley thought I was dead, and that theſe let- 
—— never come to lighnlt. 
Before I ſpeak of my deſign in publiſhing 
theſe letters, I will ſhew that the doctrine 
given by Mr. Franklin and others, is fallible 
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- Firſt, Mr. Frankiin ſuppoſes that glaſs is 
impervious to the electric powers. This 
be confuted by fo cafy experiments, that 1 
am ſurprized that Mr. Franklin could ha ve 
miſſed them. Take a piece of bog- down, 
ſuſpend it by ſilk; then take a; pane of 
clean ſaſh-glaſs, and warm it, and let the 
down hang by the ſide of it; then bring an 
excited electric to the other ſide of the glaſs, 
and the down ſhall fly off perfectly electrifi- 
ed, in the ſame manner as it would have 
been if the glaſs had hot intervened. If the 
excited electric be glaſs, the down will be 
electrified with the vitreous power; and if 
wax, with the reſinous power. I his ſhews- 
that the powers paſs entire through the glaſz; 
but if Mr. ' Frankin chooſes to think that 
they are different powers, thrown from the 
oppoſite ſide of the glaſs, he muſt then allow 
that two different diſtinct powers do exiſt n 
all glaſs; which overſets his whole doctrine, 
which depends n the action of one ſingle 
power. In — place, Mr. Franklin 
fays that glaſs cannot receive electricity at 
one ſide; without parting with ſo much of 
_ natural ſhare at the other ſide; and = 
this ſitionz ds his »doctrine - 
5 —— But in this he 


is entirely miſtake; for you cannot electri- 
| a pane of glaſs at one ſide, but the other 
ſide will be equally electrified with the ſame 
power, whether reſinous or vitteons; ex- 
ade a you form a communication from one 
of the — with ſome non“ electrics, 


While 
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while you electrify the other fide ; and then, 
be your excited electrio either reſinous or vi- 
treous, it will repel the power of the ſame 
kind from the oppoſite ſide of the glaſs, and 
attract the different power from the non- 
clectrics; and theſe powers will hold each 
other athxed to the glaſs, by their natural at; 
raction through the glaſs ; and thus the glaſs 
may be electriſied with the different powers 
oomes charged; for if you ſet your bottle 
upon a clean electric ftand; ſo that a differ- 
ent power from that you attempt to charge it 
with cannot be drawn up te the dutſide, 
you'll find that both ſides are electrified with 
the ſame power whether vitreous er reſinous. 
3 But, to electrify a/Pe ae of. aſs equally at 
both ſides, either with the nous or vitrer 
ous. power, and that by the atmoſphere of a 
conductor electriſied by either of the powers. 
Paſs ten ſtrong knitting, needles through a 
ſtick; ſo that they may lie parallel te gach 
other, (and if they are pointed it will do 
each ather ; then fix a wax or glaſs handle 
fied; and the Wheel turning. bring your pane 
of glaſs within three inches of the conductor, 
and draw the points of your wires which are 
next to the conductor three or four times 
ſlowly over the glaſs, beginning at the ſide 
of the glaſs next to the conductor, and draw 
ing them from the conductor, and you ſhall 
find that glaſs equally electrified = 
WV cs, 
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ſides, with the power contrary to that which - 
the conductor throws out: Or, if you would 
have the glaſs electrified with the ſame pow- 
er, which the conductor throws out; place 
a end of the wires near the conductor, and 
draw your' glaſs under or over the other 
points of the wires from the conductor, but 
in contact with the wires, and the glaſs will 
be eleQrified equally at both _— with the 
ſame power with the conductor. A : 
of glaſs may be electrified e 3 at 
ſides with the vitreous power, by a large 
ſtick of ſealing-wax excited; or equally at 
both fides with the reſinous power, by an 
_ glaſs _ in this manner. When - 
e of glaſs 1s cl dry, and warm, 
phe whore” bubale of linch © rags, ſuſpended 
y ſilk, or a theet or two of} paper folded 
like a letter, or any non- electric, upon the 
glaſs, and bring an excited glaſs tube under | 
the pane, and 1 I contact with it, or near ap- 
proach to it, and when it has remained this. 
two or three ſeconds, toſs off the rags or pa- 
per, and inſtantly withdraw the tube; you will 
find the pane of glaſs electrified at both ſides 
with the reſinous power: and the ſame ope- 
ration with a large ſtick of ſealing-wax exci- 
ted will leave the pane of glaſs eleQrified at 
both ſides with the vitreous power; and the 
non- electric which was on the pane, my. | 
fied with a different power. Nowgto explain 
this matter; The two different powers of 
_ elecripity being equally adheſiye to the pane 


of glaſs (as indeed they are to All bodies) they = 


attratt and condenſe each ottier into a * 
8 B | 
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| an inſenſible compais, and in that ſtate do 
| not exert any ſeniible action, but the atmoſ- 
phere of the excited electric drives part of 
the ſame power out of the glaſs into the non- 
electric, and at the ſame time attracts the dif- 
| ferent power of electricity from the non- 
electric into the glaſs; now the non- electric 
and the excited electric being removed, 
the different powers in the glaſs are 
rendered unequal to each other, and 
therefore the encreaſed power by its ela- 
ſtic force, when the attraction of the other 
power is leſſened, expands itſelf into an ex- 
tenſive atmoſphere; which atmoſphere will 
act in all reſpects like the atmoſphere of any 
electric excited by the ſame power; for all 
electrics are excited in the ſame manner by 
the ſeparation of theſe powers, which are 
always equally inherent in them and all other 
bodies til ſeparated by friction, &c. And the 
reaſon that non- electrics cannot be electri- 
fied without being inſulated by electrics, is 
becauſe theſe different powers ſo quickly 
change place through non-electrics : for the 
atmoſphere of an excited electric always at- 
tracts one power in the non-electric, and re- 
pels the different power in the non-electric; 
yet when the non-electric is removed from 
that atmoſphere, the different powers in the 
non electric inſtantly rejoin by their natural 
attractions of each other, and become equal 
to each other, in which ſtate they never ex- 
ert any ſenſible action. But take an iron 
rod of a foot long with the ends rounded off, 
and ſuſpend it by ſilk, and bring it 1 
there 
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three or four inches of the conductor, while 
the wheel is turning; then take it out of 
the atmoſphere of the conductor, and you 
will not find any ſign of its being electrified; 
then bring it into the ſame poſition, and you 
will find the two ends electrified with the 
different powers of electricity; the end next 
the conductor with the power contrary to 


that which the conductor throws out; which | 


may be known by touching the ends with 4 
piece of bog-down ſuſpended by ſilk. In the 
firſt caſe the iron did not receive any electri- 
city from the conductor, nor could it receive 
any from the conductor in the ſecond caſe, 
the circumſtances being the ſame; therefore 
theſe different powers muſt be inherent in 
the iron, and muſt be thus ſeparated by the 
atmoſphere of the conductor, by attracting 
the one, and repelling the other; and in this 
ſeparated ſtate it is evident that each power 
appears in an eleqric atmoſphere. And it 
is evident, that when the iron is taken from 
the atmoſphere of the conductor, that theſe 
different powers do inſtantly reunite by their 
natural attraction, and are condenſed ſo as 
to ſhew no ſigns of being electriſied. But if 
this iron rod was ſawed aſunder at one third 
of its length from the conductor, and an 
hole drilled in each end to receive a peg, 
that it may be brought as, one rod towards 
the conductor as before mentioned, and the 
pieces raken aſunder while the ends were 

differently electrified, and carried from the 
atmoſphere of the conductor; each piece 
will remain electrified with a different pow- 

e | 32 | er; 
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er; which may be tried by the bog-down. 
But when theſe pieces come to touch each 
other, the powers are inſtantly and equally 
reunited through the whole, and all ſigns of 
electricity vaniſh. 

The Leyden bottle 1 by ſilk, may 
be 5 and then diſcharged, and re- 
charged with the powers in the contrary 
order, only by the atmoſphere of an electri- 
fied conductor, in this manner; fix ſome 
ſharp pointed wires to the coating of the 
bottles, ſo that they project an inch below 
the bottom of the bottle, and fix ſome ſharp 
pointed needles to the rod from the inſide 
of the bottle projecting upward ; ſuſpend 
the bottle by ſilk, and bring it that the rod 
from the inſide may point to the conduQor, 
while the wheel is turning, and let it remain 
there for ſome time ; and you will find the 
inſide of the bottle charged with the ſame 

wer which the conductor throws out: 

ther” ſuſpend. the bottle over the conductor 
for the ſame time, with the wires from the 
bottom pointing to the conductor, and you 
will find the bottle diſcharged ; but let it re- 
main in that poſition as long again, and you 
will find the bottle recharged, but in the con- 
trary order from what it was at firſt. The 
conductor being electrified with the vitreous 
power, the atmoſphere of that attracts the 
reſinous power from the inſide of the bottle 
and from the non- electric contained therein, 
and itſelf enters in the room thereof; till the 
inſide and non- electric therein are electrifi- 
ed like the conductor with the vitreous pow- 


er; 
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er; which yitreous power within will repel 
the vitreous power from the outſide of the 
bottle, and from the non- electric in contact 
with it, through the points of the wires, and 
attract the reſinous power from the air 
through the points till it arrives at the out 
ſide of the bottle; where it meets a reſiſtance 
from the glaſs, and therefore is accumulated 
there and held in firm contact by the attrac- 
tion of the contrary power inſide the bottle; 
which contrary power it equally attracts and 
Holds affixed to the inſide of the bottle: and 
thus the bottle remains charged when taken 
from the atmoſphere of the conductor. When 
the experiment is reverſed by bringing the 
wires fom the bottom of the bottle pointed 
toward the conductor, the vitreous atmoſ- 
here of the conductor attracts the reſinous 
power from the outſide of the bottle and the 
non: electric coating, and adds to the vitre- 
ous power there; which vitreous power re- 
pels the vitreeus power from the inſide, and 


attracts the reſinous power through the 
needles, till the bottle becomes charged in 
the contrary order from what it was at firſt. 
There are many caſes of this bottle, ſome 
of which Thaye mentioned in my letters, but 
they may be all explained (and indeed. all 
other electrical experiments) by a due confi- 
deration of the actions of theſe two different 
powers, vis. That they are equally attraQ- 
ed by all matter, and they equally attract and 
condenſe each other into almoſt an inſenſible 
compaſs when equal to each other; but 
„55 7 EE. 
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when unequal to each other, the increaſed 
power by its elaſtic force expands into an 
electric atmoſphere, which atmoſphere will 
repel any power of the fame kind, but 
equally attrad any power of the different 
kind. But, as I have explained this matter 
more fully in my letters, I ſhall refer to them, 

Except what I have ſaid in the followin 
letters, I do not find any one has attcingted 
to ſhew how any electric comes to be excited 
or electrified; I mean to produce an eleciric 
atmoſphere, which is very eaſily explained 
by the ſeparat ion of theſe two powers, by 
leſſening one and encreaſing the other; as 
may be ſeen in clectrifying the pane of glaſs 
at both ſides with the vitreous power, by the 
excited wax; or at both ſides with the re- 
ſinous power, by the excited glaſs tube. In 
exciting electrics theſe powers are never en- 
tirely ſeparated, but the leſſened power acts 
inward to the electric, and the encreaſed 
power acts outward from the electric with 
an extenfive atmoſphere. For, when a large 
ſtick of ſealing · wax is a little warm and well 
excited, I can electrif a piece of bog- down 
ſuſpended by ſilk with the vitreous power, 
which aQs Sag to the wax; and again 
withdraw that power from the down, and 
leave it eleQrified with the reſinous power, 
which acts outward from the electric, only 
by my manner of touching the down with 
the wax; and a ſpectator "ſhall ſcarcely per- 
ceive any Arcade i in the manner of touch- 
ing the down with the wax. 

I could 
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I could produce numbers of experiments, | 
to ſhew the co-exiſtence of theſe different 
powers in all bodies, which every careful ex- 
perimenter muſt cafily perceive; but I be- 
lie ve what I have faid is enough to ſne the 
inſufficiency of attempting to explain all the 
different attractions and repulſions of electri- 
city by one ſingle medium or power. But 
no difficulty remains in explaining them all 
by the action of theſe different powers, When 
rightly underſtood. 5 
Mr. Franklin has aſſerted that glaſs can: 
not receive electricity at one ſide, without 
parting with ſo much of its natural ſhare at 
the other ſide. But this is demonſtrably 
. falſe, by the pane of glaſs being eleQrified 
6qually at both ſides with the vitreous pow- 
er, by the excited wax, or with the 4 80 
power, by the excited glaſs tube. Or, the 
Leyden bottle, ſet on an electrie ſtand, will 
be "found to be eleQrified at both ſides with 
whatever power is thrown into it. 
Mr. Prank/in has aſſerted, that when the 
Leyden bottle is charged, the power, it acts 
wth in diſcharging, is contained in the 
glaſs, and not in the non- electrics withinſide 
and withoutſide the bottle; in which he is 
certainly miſtaken; for the different powers 
in the non- electrics are as much ſeparated in 
charging the bottle, as the powers in the 
glaſs; and, therefore, in their reuniting, on 
the diſcharging the bottle, they muſt add a 
force to the diſcharge, proportioned to the 
electric powers contained in them; and that 
34 will 
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will be in proportion to their quantity of 
matter. Which may be eaſily proved by 
putting a thin coating inſide and outſide the 
bottle, and filling another bottle of the ſame 
ſize with quick-filyer, or lead and water, 
and a coating outſide of three or four folds 
of ſheet lead; the different force of theſe 
bottles will be eaſily diſtinguiſhed on the diſ- 
char And this experiment I have tried; 
— 1 = I may obſerye, that if Mr. F rank- 
250 s five eight-gallon jars had been filled with 
the moſt denſe matter in the inſide, and an 
equal quantity on the outſide, I think that 
1 would have nn any man of his 
C. 
I cannot forbear again expreſſing my ſur- 
rize, that Mr. Franklin ſhould imagine that 
fakes ele criſied negatively (as he terms it) 
ſhould be without electric atmoſpheres, 
when all experiments ſhew the contrary. 
Electrify a piece of inſulated bog-down, with 
the reſinous power, or negatively, and you'll 
find all the fibres repelled in the fame man- 
ner as they are when electrified with the vi- 
treous power, or poſitively, as he calls it : 
Or, electrify the ſtream of a fountain, nega- 
tively, and you'll find it diſperſed i into a very 
. great number of ſmall particles, in the very 
_ ſame manner that it is when poſitively eleg- 
trified. And from hence I made an artifici- 
al ſhower of rain, by electrifying the ſmall 
ſtreams, of two fountains with the different 
powers of electricity, they were both diſ- 
perſed into very minute e but ok 
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the attraction of the different powers, theſe 
particles ran together at top, and came down 
in heavy drops, like a heavy ſhower gf rain. 

Mr. No/jet, when he talked of an effluence 
and affluence, was fo far right; but as he 
knew not that it was an effluence of one 
power, and an affluence of the other 
power, it was impoſſible for him to explain 
the phenomena of electricity by his effluence 

and affluence of the ſame power. That 
there is an effluence and an affluence, may 
be proved by many experiments; but I ſhall 
only mention one. In one of my letters, I 
have mentioned the dancing of paper pup- 
pets between my table and a diſh ſuſpended 
from the conductor: When you dry the 
head of one of theſe puppets, the power 
thrown out from the conductor cannot enter 
that puppet ſo freely, as the different pow- 
er which is attracted from the table can en- 
ter at the feet, which are not ſo dry; and, 
therefore, there will be much more of the 
attracted power in the puppet, than of the 
power thrown out, and therefore this pup- 
pet will aſcend to the diſh, and remain 
there; but reverſe this experiment by drying 
the feet and wetting the head, and the pup- 
pet will remain fixed to the table; becauſe 
there is more of the repulſive power in the 
puppet than there is af the attracted power. 
But when there is retained in the puppet ſo 
much more of the attracted power, as will 
balance the gravity of the puppet, than 
there is of the different power 3 
| | 8 
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from the conductor, the puppet will be ſuſ- 
pended between the diſh and the'table. And 
this may be eaſily contrived in the ſhape of 
the puppet ; for the head, being round, does 
not admit the power coming out, ſo eaſily 
as the feet, being ſharp, admit the power 
going in. This experiment, with gold leaf, 
has been tried by Mr. Franklin, and many 
others; but they ſeem to be ſtrangers to the 
cauſe that produces this effect; for I do not 
know any one who has thought of the at- 
tracted power going into the leaf gold, &c. 
without which it would be inſtantly repelled 
from the elearified body. For it is not bare 
matter that is either attracted or repelled in 
electrical experiments; but the electric pow- 
ers which are inherent or adheitve to that 
matter. But how theſe different powers do 
attract and condenſe each other, or how 
their atmoſpheres become repulſive of the 
ſame kind, I think, will not be readily diſ- 
covered; any more than the cauſe of gravi- 
ty and attradion, though the cffeQts - are 
evident in both. | 
I could go on to . all the Pheno- 
mena ariſing from electrical experiments 
(which I know of ;) but this would neceſſa- 
rily lead me into a great prolixity, and pre- 
vent the pleaſure which experimenters have 
in finding out theſe diſcoveries; in which I 
think they cannot meet with much difficulty 
when they fully conſider the co-exiſtence of 
theſe different e- in all e and their 
| | - manner | 
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manner of acting on each other, and that 
they are equally attracted by all matter. 
It may now be expected that I ſhould oy 
ſomething about the medicinal uſe of the 
powers; but that cannot be brought into ſo 
narrow a compaſs as many may imagine. 
For, firſt, a moderate knowledge of medi- 
cine is neceſſury to know where the effects of 
theſe powers may do good or harm, vis. in 
ſhakin palſeys, and inflammatory rheuma- 
tiſms, Ke. they are pre judicial. Next, an accu- 
rate knowledge of anatomy, eſpecially i in pa- 
ralytic caſes, 1s very neceſſary; for, as one fett 
of muſcles revive, an equal attention muſt be 
had to their antagoniſts, or elſe contractions 
will be formed, not eaſily reſolvable afterward. 
And here an accurate knowledge of the ac- 
tion of theſe powers is abſolutely neceſſary, 
to know how to conduct them through the 
parts deſigned. I was preſſed, by a very 
good phyſician, who was a patient of mine, 
and fully convinced of the amazing effects 
of theſe powers in his own caſe, and many 
other cures which he ſaw me perform, to 
write ſomething ſyſtematical on the curing 
of diſorders by the electric powers; and car- 
ried 18 compliments ſo far, as to tell me, 
that if I let that knowledge die with me, 
that I ſhould .be anſwerable for it in the 
other world. But I anſwered him, if ſo, fo 
it muſt be; for that I was then ſixty-fix 
years of age, which is a time men naturally 
Fete indolent, except they are warmer in 
their purſuits than I was. 
I may 
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I may here obſerve, that ſome gentlemen, 
very well verſed in electrical experiments, 
have publiſhed their diſappointments in ap- 
plying electricity to medicinal uſe. In the 
48th vol. of Philoſ. Tranf. page 786, Dr. 
Cheney Hart attempted to cure a paralytic 
arm of a young girl, about ſixteen ; but, on 
being the ſecond time electrified, ſhe became 
univerſally paralytic ; and when the additio- 
nal palſey was removed by proper medicines ; 
he tried electrifying the ſecond time; on 
which ſhe became univerſally paralytic again, 
and even loſt her voice and tongue, and 
with difficulty could ſwallow. This made 
the Doctor cautioys in the farther uſe of 
electricity. In the Soth. vol. of Philoſ., 
Tranſac. page 743, Doctor William Watſon 
met with much the ſame diſappointment. In 
the ſame vol. Mr. Benjamin Franklin, at page 
481, ſays that he never knew any amend- 
ment in the paralytic patients, who applied 
to him, after the fifth day's trial ; but that 
they went home, and in a ſhort time re- 
lapſed. . eee eee 
From the great amendment, which Mr. 
Franklin ſays his patients had in five days 
time, I think they were all curable, if elec- 
tricity had been properly underſtood and ju- 
dicionlly applied. Por, tho! I have cured a 
great number of paralytics, (except in a few 
recent caſes) I ſeldom knew ſo great an 
amendment in five days. But ſome have 
continued two, three, four and five months 
under cure, and have found ſome amend- 
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ment Eyery day; and none of them ever re- 
lapſed. I have cured ſome, whom I really 
thought it was impoſlible to cure; where the 
limbs were waſted to ſkin and bone, and 
much contracted ; yet, from a continued uſe 
of electricity, the muſcular fleſh filled up, 
and the limbs were reſtored to their full ue. 

I cured a young woman who was univer- 
ſally paralytic, and had not the leaft pow- 
er of motion in any part but her head 
and neck; yet ſhe was 2 cured, 
and has ſo remained for ſome years paſt. 
Several paralytic patients, whom I cured ten 
or a dozen years ago, all remain perfectly 
well; as all that I have ſince cured alſo do 
I have now under cure an old gentleman, 
between ſixty and ſeventy, who loſt his right 
ſide, and his ſpeech entirely, by a hemiple- 
gia ; in a few weeks he has recovered the 
uſe of his limbs, and in a great meaſure his 
ſpeech ; and I think that he will be perfe&- 
ly cured in a little more time. I will men- 
tion one rheumatic caſe, becauſe: 1 think 
it particular. Richard Seward was fifteen 
years a cripple with the rheumatiſm, and all 
parts of his body greatly contracted, that he 
could ſcarcely crawl about on crutches; in 
about five weeks, I reſtored him the uſe of 
his limbs, fo that he could walk and run ak 
moſt as well as eer he could have done, and 
he has remained well for ſeven years paſt, 
I I have juſt hinted ſo much to ſhew that 
the good effects of electricity, in paralytic _ 
caſes, have been permanent; as indeed : & 
ave 
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have been in almoſt all the caſes, in which 
I have tried electricity; but if I were to give 
an hiſtorical account of all the cures I have 
performed, merely by the powers of electri- 
city, it would make a pretty large book; I 
muſt therefore here deſiſt. 

As I have often ſaid the electric powers 
condenſe each other, and have given ſome 
experiments which I think ſufficiently ſhew 
that they do ſo; yet it may not be amiſs to 
add a few more experiments to make it 
more evident to others. © 

Take two panes of clean faſh.glaſs, which 
will he evenly on each other; place a ſheet of 
paper, folded like a letter. on your table; 
place the two panes on the paper; and a like 
paper on the upper pane; then take a large 
glaſs tube excited, and roll your tube over the 
upper paper; repeat the exciting, and rolling 
the tube five or ſix times; at the laſt rolling 
take up your panes, upper paper and tube to- 
gether, and immediatelytake.off the tube and 
upper paper; then bring the two panes, joined 
together, to a piece of bog-down ſuſpended by 
filk; you will find the panes, thus joined, have 
but very little effect on the down; but ſepa- 
rate the panes, and each pane will be ſtrongly 

electriſied, the upper pane with the vitreous 
power on both ſides, and the under pane with 
the reſinous power on both ſides: touch the 
down with either pane, amd it will be — 
led by that and attracted by the other. Place 
your panes together, as at firſt, and you will 

find that the powers condenſe each other, ſo 
g | as 


as to have but little effect on the down; but 
as you ſeparate the panes you will find the 
different powers to act as before. The panes, 
if they lie in contact with each other and 
are highly electrified, will ſtick. together by 
their mutual attraction, and ſeparate with a 
ſnap. If this experiment is made on a pewter 
plate placed on a glaſs ſtand, you will find that 
the powers have changed place through the 
whole; the vitreous power of the tube attract- 
ing part of the reſinous power from the firſt 
_ glaſs, and adding part of its own vitreous pow- 
er to the glaſs ;- by which means the glaſs 
becomes electrified with the vitreous power; 
which - vitreous power repels the vitreous - 
power of the under glaſs into the paper and 
plate, and attracts the reſinous power from 
the paper and plate into the under glaſs ; and 
thus the under glaſs'is electrified with the 
reſinous power, ,and the plate with the vi- 
treous power. A due conſideration of this 
experiment may explain all the tranſactions 
of the electric powers. For in exciting any 
electric the rubber always draws off as much 
of one power as it adds of the other, and is 
therefore always electriſied with a power 
contrary to the encreaſed power of the exci- 
ted electric: and when an excited electric 
electrifies an inſulated non- electric, it draws 
as much of one power from it as it gives of 
the other; and therefore is itſelf as much 
unelectrified, as it electriſies the non electric. 
And thus this change goes on till the pow- 
ers become equal to each other; which in 
non electrics is done almoſt inſtantaneoully. 


As 


As I have faid that the magnetic pow- 
ers act by the ſame laws as the electric pow- 
ers do, (except that they do not change place 
from magnet to magnet, as the electric 
powers do from one body to another ;) this 
may be ſeen by placing two artificial mag- 
nets ſide by ſide, with the north and ſouth 
pole joined together ; in which poſition the 

wers attract and condenſe each other, ſo 
as to have but little effe on any iron appli- 
ed to them. Apply two large magnets, fo 
placed to a ſmall key, and they will not 
take it up; but ſeparate them but half an 
inch, and they will take it up; but when 
you cloſe the magnets the key drops from 
them; which ſhews that the powers then 
condenſe each other. e 

To ſhew that while there is an efflux of 
one power of electricity, there is alſo an af- 
flux of the other power of electricity, when 
any non: electric matter is placed ſo near and 
in ſuch circumſtances as that it can be drawn 
therefrom. Take a ſharp pointed needle 
four or five inches long, 1 on a point 
like a compaſs needle, and turn half an inch 
of each point at right angles with the ſhank, 
but contrary to each other, and parallel to 
the horizon. This needle, when placed 

upon the conductor while the wheel is turn- 
ing, will circulate with great velocity, but 
always from the points, becauſe the elec- 
tric fire flying off from the points acts forci- 
bly on the air, and is conſequently re- acted 
on, which occaſions this motion. But _ 
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this needle three or four inches under the 
conductor, and it will turn in the ſame man- 
ner, by a ſtream of electricity, of a contraty 
power to that thrown off from the conduc- 
tor, which is drawn in from you, and de- 
livered from the points of the needle to the 
conductor. Let this needle be placed on a 
glaſs ſtand at the ſame diſtance under the 
conductor, and it will not move, becauſe 
no electricity can be drawn through it; 
but hold a pin within an inch of the non- 
electric pedeſtal, and the needle” will im- 
mediately begin to turn; a ſufficient quan- 
tity of 2 being wien, pin you 
through the pi h a .D 
This des of a contrary W Ruin all 
inted or ſmall wires held in tlie hand, and 
in the atmoſphere of the conductor, while 
the wheel is turning, is evident; but placed 
on, or in electrics the effect ceaſes 
In my letters I have ſaid that the ſphere 
of activity of the electric powers is increaſed 
by heat; which may require ſome explana- 
tion, and is very neceſſary to be underſtood 
in the rarefaction and condenſation of va- 
pour, &c. and even of the air; for it is evi- 
dent that every particle of the air is attend- 


ed by the electric powers; becauſe we can 
electrify the air with which ever power we 
pleaſe, and that either power can be drawn 
from the air in many experiments. From 
hence many properties of the air may be ex · 


plained; vis. its electricity; RX of re- 


fracting 
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fracting light, conveying ſounds, entering 
into denſer fluids, &c. which Iſhall not now 
1 9 5 When I ſay that heat increaſes 
ſe powers, I do not mean that heat ſe- 
parates or excites them to attract and repel 
other bodies by an 28 of powers; as 
have explained that all eſecritying is per- 
formed ;. but that heat dilates and expands 
them by rendering them leſs denſe, and con- 
ſec uently more extenſive in thawſelves. 
This is evident to me in many experiments, 
but if 1 were to recite them all I may get 
beyond the bounds. of my readers patience. 
Take a glaſs tube and warm it well by the 
fire, and 3 2 excited by friction, bring it 
under a piece of bog-down ſuſpended by 
at the diſtance of two or three inches, 
d then. touch the down at the top with 
your finger, and withdraw the finger and 
tube at one time, the down will be ſtrongly 
electrified with the reſinous power; then 
ſtrike your tube up againſt the down, you 
will End the down will ſtick cloſe into the 
tube, and the fibres riſe one by one ſlowly 
till the down becomes electriſied with the 
vitreous power, and is conſequently repelled 
from the tube. But try this experiment 
with a tube quite cold, and you cannot ea- 
fly make the down tick to-it ; which ſhews 
that the reſinous power, which acts inward 
to the toes is much more dilated when the 
EE, is hot, than when the tube is cold. 
This: e may be better tried with 


a pane o o 
believe 
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I believe that it is unneceſſary to ſay that 
the rarefaction of vapour, &e. muſt Sow | 
when theſe powers are dilated by heat, or à 
condenſation when they are contracted by 
cold; ſince it is evident that tlie particles 
vapour, &c. are kept at a diſtance by theſe 

ers. But this explains a matter which 1 
think has hitherto lain in the dark, vis. The 
cauſe of rarefaction in vapour, Cc. by heat, 
and condenſation hy cold. And may alſo 
explain how vapours may aſcend in a hot 
day, and deſcend in dew in the cool of the 
evening and at night, without any exchange 
of the electric powers in the particles of de w. 
And may alſo explain many 'other things, 
too prolix to enter upon in this place. 
Since eleQrivity does really conſiſt of two 

different diftinQ elaſtic mediums or powers, 

which co-exiſt in all bodies, and act in the 
manner which I have ſet forth in the fol- 
lowing tracts; and that Mr: Frakfin and all 
his followers continue to attempt to explain 
the effects of electricity by one f ingle power ; 

I muſt beg leave to examine Mr. Frankim's 
pretenſion to the great honour which he has 
received for diſcovering the cauſe of thun- 
der; which 1 claim as due to me. For if 
electricity conſiſts of two different powers, it 
is impoſſible to explain the effects by one 
gens and if eArieit ity is the cauſe of 
hunder, it is as impoſſible to explain that 
cauſe without an accurate knowledge” of 
rt 47 
| c 2 I have 
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I have already ſhewn that Mr. Fran#lin's 
principles are fallible and inſufficient, and 
far from being founded on that evident truth 
which ought to conſtitute principles; and 
that his opinions and aſſertions, about the 
operations of electricity in and on glaſs, are 
demonſtrably falſe , and that his whole doc- 
trine of city, depends upon the action 
of one ſingle medium or power, which ne- 
ver can explain the phenomena which ariſe 
from electrical experiments. 

In his attempt to explain the cauſe of 
thunder, he ſays that clouds ariſing from the 
ſea are highly electrified, but that clouds 
ariſing from the land are but little electrifi- 
ed; but ſurely his method of collecting elec- 
tricity (as he terms it) to electrify vapour 
ariſing from the ſea, is a very extraordinary 
ONE. | 

He fays, the ocean is a componnd of wa- 
ter, a non- electric, and ſalt, an electric perſe. 
When there is a friction among the parts 
near the ſurface, the electric fire is collected 
from the parts below. 

I believe that every one verſed in electri- 
cal experiments muſt think this notion ab- 
ſurd, and unworthy of ſo ingenious a man, 

though it is the baſis of his hypotheſis. For 
I am certain that electricity never was exci- 
ted by whirling a glaſs globe in a tub of wa- 
ter. As to his opinion about the aſcent of 
vapour; he ſuppoſes that the particles of va- 


. are attached to the particles of air, 
| and 


5 4 


and that l aſcend by that means; I in 
which 1 think that he is entirely miſtaken; 
For, if water, which is a bod times 
heavier than air, be joined to air, it will cer- 
tainly make the mixed heavier than the cir- 
cumambient air; -and therefore the air muſt 
rather deſcend with the water, than the wa- 
ter aſcend with the air. Every old je ms 
who has made' pickle, knows that a 
will ſink in clean water; and that, vher na 
quantity of falt is diſſolved in the water, 
the eg 11 ſwim. And this ſerve as 
rhe e to a late treatiſe,” where the au- 
thor, from a ſolution of metals in proper 
menſtrua, would prove that a ſolution of 
water in air, is the cauſe of the aſcent of 
Taper, &c. | 
I now find from Mr. Prieftley's hiſtory _ : 
elearicity, that an analogy between ligen 5 
and electricity, was very early thought WL 
even before Mr. reges time, and very often” 9 
ſince his time. If Mr. Franklin had any hint 
of ſuch a conjecture, his propoſed methol of 
ving the truth thereof was very rational, 
For if electricity was the cauſe of thunder, 
the only place he could ſearch for it, muſt 
be in the clouds; and from his acquaintance 5 
with electrical experimen ts he muſt have 
known that metalſic rods were the beſt con- 
ductors of the electric power; and there- 
fore, by placing ſuch rods upon electrics, as 5 
near the clouds as poſſible, was. a probable * 
| method of trying whether ſuch rods would | 
be affected by eſettrieitʒꝛ: 2 
KEW C 3 But 
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But this experiment, propoſed by Mr. 
Franklin, was firſt tried — Mr. D Alitard, 
Mr. De Lor, Mr. Le Monnier, and the Abbe 
Nollet, and others in France, and by others 

in different places; but, to the preſent time, 
neither Mr. Franklin, nor any Me theſe: ex- 
perimenters have ſhewn how theſe metallic 
rods became clectrified, or how electrioity 
could be the cauſe of thunder. Nor can this 
matter ever be explained, by thoſe who ſup- 
poſe that electricity conſiſts of but one ſingle 
elaſtic medium or power. 

That electricity may be * in the 
clouds, is certain ; for it e's all the mat- 
ter in nature, which we are acquainted with ; 
and, that the clouds may electrify iron rods, 
&c. in near approach to them, and placed 
upon electrics, is true; but this is rig from 
ſhewing, proving, or explaining that electri- 
city is the cauſe of thunder. For, if only a 
communication of electricity from one body 
to, another can be. ſaid. to "be the cauſe of 
thunder, it may be ſaid that the electricity of 
the human. body is the cauſe of thunder; as 
it will, 282 other matters: Witneſs Mr. 
Fa Fm and white ſtockings. There- 


fore, a ry that the clouds are electri- 
fied, is not a 3 — of the cauſe of thun- 
der; nor can it be explained ho electricity 

mn the clouds can be the cauſe of thunder, by 
any thing which Mr. Franblin, or others haue 
faid about. poſitive; and negative electricity, 
or a plus and minus of the ſame power, or 
that ha $ throws out tha FRO, | and that 
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ſay that he has never thought of two differ- 
ent diſtin powers exiſting i in electricity, or 
their co-exiſtence in all bodies, or their man- 
ner of acting on each other; which all ex- 
Funn ſo clearly demonſtrate, that I am 
urprized that ſuch an ingenious man, after 
all his experiments could have miſſed this 
diſcovery ;. without which it is impoſſible to 
explain the cauſe of thunder; or any effect 
ariſing from electrical experiments. 
Mr. Franklin's metallic rods, placed from 
the top of high buildings to the garth, may 
probably prevent the injuries of thunder, by 
conducting the electricity of the cloud to the 
earth ; but as he ſeems ignorant 2 an 
equal quantity of a different power of elec- 
tricity muſt be conducted from the earth to 
the cloud to produce thunder, it ſhews that 
he is not fully acquainted with the uſe of theſe 
rods, or the cauſe of thunder; for the electric | 
powers are never rendered viſible, except in 
oo paſſing from one body to another, in 
fition to each other; hen they con- 
2 each other into the form of flame, 
and perform many of the effects of fire, but” 
more inſtantaneouſly than any fire which W ? 
are acquainted with. And Tam really ſur; | 
priſed to find that ſuch a number of ingeni- 
ous mien, after a courſe of experiments for 
ſo many years, have not diſcovered the co- 
exiſtence of theſe different powers of electri- 
city in all bodies, and their manner of acting 
on each other. Without which Lee 


it is s impoſſible fully! to explain any effect 927 
ing 
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{ing from electrical experiments, particularly 
fog from { forcible, 9 ſuch as thunder; 
for theſe are cauſed by the great attraction 
and condenſation, of the different powers in 
paſſing in oppoſition. to each other. from one x 
body to another. And if it be duly conſi- 
dered that in all excitation and communica- 
tion of electricity, there muſt be a recipro- 
cal exchange of the different powers to each 
body; it will explain all the phænomena of 
pe 15 1 which I know of. And to, this 
ſhort rule have I reducedit, after all that has 
been faid about it. For the rubber takes. as 
| much of one power from the electric, as it 
gives of the other; by which means the rub- 
ber and electric become equally electrified 
with, the different powers. And the ſame 
exchange 1 is made in all, communication of 
electricity. 5 lad 
Mr. Franklin _ all ; N were 
led into error about the impermeability of 
glaſs, and the manner of charging a bottle, 
by his obſerving that when a ſpark was! ta- 
ken into, the bottle, an equal ſpark may be 
taken from the outlide,.. which made, him 
imagine that there was ſome ſtratum the. 
middle of the glaſs, which prevented the pa- 
ſage of electricity, and that as one ſide was 
filled the other fide was emptied; and that 
when a, communication was made between 
the ſides, the emptied, ſide greedily dra 
up the redudancy of the filled ſide; i 
he known of the two powers, and; the rule I. 


have now given for their changing from 134 
| * 
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dy to body, he muſt know that when a ſparł 
er is taken into the bot- 
te, an equal quantity of the reſinous pow- 
er goes from the inſide of the bottle to the 
conductor; by which means the bottle is 
electrified with the vitreous: power; but 
when you apply a nen- electric to the out- | 
fide of the bottle, part of the vitreous 
goes to the non-eledric in exchange 5 a „ 
equal quantity of the reſinous 1585 drawn 
to the outſide of the bottle, which. refinous 
power is held there by the attraction of the 
vitreous power on the inſide of the bottle: 
And thus this exchange > K goes on as 
f een ent be rated between 
the globe and cuſnion. f 
Place a charged bottle r an hectic 
ſtand, and et a piece of bog-down, or cork 
ball, &c. ſuſpended by ſilk hang againff the 
outfide of the bottle; when you touch the 
outſide witli a finger, the don, &. remain 
quiet by the ſide of the bottle; but then 
touch the top of the bottle and the dwh 
flies off ſtrongly electriſted with the reffnous 
power; and thus you may go on for a great 
number of times to alter te balance vf the 
powers withiniſide and withoutſide the bottle, 
| Elte aim touching the. top and bottom. | 
e Franklin or a may Un * 
poſe that it is the return of His plus or po 
tive power to the emptied pores of 155 bot- 
tle, which electfifies the down minus or ne. E 
gatiyely?' But the truth is , that when You, 
nne JOEL PRIUL THT tou - 
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workin top you take a ſpark of the vitre- 
from the inſide, and in exchange 
dong much of the reſinous power to the in- 
giv: ; which leſſens the attrachion of the vi⸗ 
treous power withinſide the Hotte, which” 
leaves the reſinous withoutſſde in greater 
quantity than the vitreous withinfide,” and 
conſequently at liberty to exchange powers 
with. any-non-elearic in contact with it; 
and thus the den, cee. become blectrifled 
with the reſingus power. Or take tw ſheets 
of paper folded like large letters, and place 
them upon your table, with'a*panc'e 
well dried 8 s en esch paper; hen take i 
large glaſs tube, Wen Jan. % and! rot it 
over one of the panes, then take up the 
pane and tube Leg rler and inſtantl) dach. 
draw: the tube; you! will Rind Er Thi Page 
ſtrongly elearified' at both ſides with aw re- 
ſinous power; or ne gatively and minus, ac 
cording to Mr. Franklin's terms; : which he | 
ſays: 18 4 thing t tkat can Gnlge Bets done. Dee his 
letters, RTF page'7?, 72. | 
edition.” Repeat this pperation, an and while 
your pane is eſectrifledl xithebe eO p. 
er; lay it on the ober pine for ur or five f 
conds, then take up your es together, Af. 
then ſeparate them yo Wilk find the firſt 
pane fill ele ctrified with ve nous Power, 
ot minus, andtheothery 1 
ſides with the vitreou reef us. No if 


Franklin, or peer rar, rn face of 
1 bn n of any ns 5 5 a train 
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ſtrain an hypotheſis toexplain, by theactionof 
one ſingle power, how a body, diveſted of its 
natural ſhare of that power, can give ano- 
ther body aſuper-natural or additional ſhare 
of the ſame power; I thin they will over- 
ſet all the rules of reaſoning which I know 
of; for I think it is a confirmed maxim, that 
no body can give that, which it has not. 
But this matter is caſily explained by the 
doctrine I have all along given; the firſt 
pane, having a greater quantity of the reſin- 
ous power, repels the reſinous power from 
the ſecond pane, to the non- electric under 
it, and attracts an equal quantity of the vi- 
treous * from the 1 into the 
pane; by which means that pane has an en- 
creaſed ſhare of the vitreous power, which 
encreaſed power will, by its own elaſtic force, 
expand jtſelf into an extenſive atmoſphere, 
and therefore the pane wall be electrified by! 
that power. 8 pins; 
Some aentlemen I think have reaſoned. 
themſelves out of their ſenſes, and denied 
the exiſtence of electric atmoſpheres, and ſaid 
that Mr. Franklins doctrine would do bet- 
ter without them. But I would aſk theſe, 
gentlemen a civil queſtion, whether it is 
mere inanity which knocks, down 9 e 
and towers, rends trees, tears up the earth, 
kills men and cattle, ſets places . &. 
or I might ſhorten the — by aſking 
how mere inanity or nothing can act? but 
this would be a diſpute about nothing. 1 
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If gentlemen had been content to confine 
themſelves to facts, I mean ſuch effects as 
are evident to our ſenſes, I think that they 
muſt have neceſſarily diſcoveredthe exiſtence 
and co-exiſtence of theſe different powers in 
all bodies, and their manner of acting on 
each other, and their being acted on by all 
matter; which would have prevented their 
running into ſuch vague conjectures and 
ſtrange ſtrained hypotheſes to explain 
theſe effects by a ſingle medium or power; 
while it is ſelf-evident that two different 
mediums or powers do really exiſt. 

If what I have ſaid already is not ſufici- | 
ent to prove the exiſtence and manner of act- 
ing of theſe different powers, I ſhall always 
be ready to give any farther explanation, in 
my -power, to any unprejudiced: enquirer, 
who thinks it worth the while to apply to me 
about what he thinks doubtful. 

In one of my letters I have confeſſed now | 
ſlender an acquaintance I had witheleQrici- 

ty, when I wrote an hypotheſis to ſhew the 
_ cauſe of thunder; for that I had never read 
a line or converſed with any one on, or 
about electricity; but that hypotheſis, and 
another on the aſcent of vapour, &c. being 
accepted by the Royal Society; and the on- 
ly one * 1 the Philos. 


Trans. and, as far as I can yet judge, as oor- | 


rect as any thing publiſhed on that ſubject; 
as fat as electricity was then underſtood; or 
from any thing I have ſince ſeen publiſhed 
about 


4 
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apps it; I was encouraged to apply niyſelf 


ive electrical experiments, and to write the fol- 
wing tracts; in which! think that I have 


eee that electricity is the cauſe of 


thunder, as far as the nature of the proofs 


can poſſibly admit; and have given a clear and 
eaſy doctrine of electricity and magnetiſm; 


which will fully explain all the effects, which 
I know of either. I have often ſince ſeen and 
ſhewn, to gentlemen in company with me, 
clouds approaching each other with an en- 
creaſed velocity, by their mutual attraction, 
and could foretell to them, to a few ſounds, 
when the flaſh would happen. 

It would be an endleſs taſk to confute all 
the falſe reaſonings, and miſapplied experi- 
meats which I have ſeen publiſhed about 
electricity; and therefore ! — here deſiſt. 

But, as I have objected to ſome of the prin- 
cipal writers on electricity, I ſuppoſe that 
their partiſans will object to what I have 
wrote; but I ſhall not trouble myſelf with a 
reply, till I meet with ſomething more expli- 


cit and intelligible on electricity, than any 


9 which 1 SS yet met with. - 

I readily. grant that they may object to 
my manner of writing; becauſe I never took 
a_note of what I intended to ſay, nor ever 
ſtruck out a line which I did write on that ſub- 


je; except a few in the beginning, where 1 


2 faic t electricity may be the æther of 


te eee, ee oh was htm ne" 
9 formed 


Gs 
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farmed to ſhew how it may anſwer his pur- 
poles: I know that ſome en have. 
taken the charaQeriftics of his ather from a 
late writing of that great man; where he en- 
deavours to make it the cauſe of gravity ; but 
I have: ſhewn, in my letters, that ſuen an 
zther, as he there ſuppoſed; could not ha ve 
anſwered any of his purpoſes. I now think 
that the electric powers, when properly un- 
derſtood, will appear to be that ſubtile mie 
dium which ſupervades the ſurfaces of all bo- 
dies, and will be found ſufficient for the re- 
flecting and refrafting of light, and more fit- 
_ for. that than any DC — 
Iſaac Newton could have ; 
for” it was not poſſible: for . then hw 
of nature, or laws of motion, to ſup- 
poſe the exiſtenes of two ſuch ſubtile elaſtic 
mediums or powers, acting in the manner 
which they do on each ether, and their be- 
ing equally acted on hy all matter, till chis 
knowledge was deduced from their effects; 
which in his time were very little known; 
and to the preſent (by all I have deen pub 
liſhed); but very little underſtood. 

As to the matter of what I have Mute, it 
appears true to me; and believe will do ſo, 
to any unprejudiced reader, who-will * give 
himſelf che trouble cligonely' to oy Hon 
to it. 8 11 

Ny reaſons for publiſhing theſs papers are, 
in tho firſt place that thi Telfes gest 
deal of trouble to thoſè whe have n % 


21 enquire 


%. 


ami PE EF ACE 
; Enquire into the electric powers, and their 
general laws of action; and then to appeal 
to the unprejudiced part of mankind,  whe- 
ther thoſe gentlemen of the Royal Society, 
Who call themſelves electricians, have done 
themſelves honour, or me juſtice, in ſup- 
preſſing, and not publiſhing theſe tracts, 
which were addreſſed to the Royal So- 
ciety. By which means, they have given 
Mr, Prieſtſey, one of their own fellows, an 
opportunity of ſtealing my doctrine, and 
making it his own, by way of hypotheſis, in 
his hiſtory of the preſent ſtate of electricity; 
though it is plain, from what he wrote, pre- 
ceding and conſequent to it, that he did not 
underſtand it; which I could eaſily point out 
through the whole. hey have alſo defraud- 
ed me of the credit juſtly due to me, for the 
diſcovery and full explanation of the cauſe of 
thunder; and for a clear and caſy doctrine of 
electricity and magnetiſm, &c. as contained 
in thoſe tracts. The truth of which doctrine 
has been verified to me by a very great num- 
ber of experiments, and a continued applica- 
tion of the electric powers to various purpo- 
ſes, for many years; particularly in medici- 
nal uſe; by which I have performed many 
cures in paralytic caſes, which our phyſicians 
here thought miraculous ; and, in truth, they 
appeared to me in the ſame light ; if a mira- 
cle be that, which is above our knowledge of 
the powers of nature. I know that-miracles 


ha ve been defined to he above or contrary — | 
brigpls  _ the 


- 
* 
* * 
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the laws of nature; but I think that 
nothing can be above or contrary to theſe 
laws, which were eſtabliſhed invariable, by a 
Being of infinite Power, Wiſdom and Good- 


neſs to his creatures. 


Liſmore, in Treland. 1769. 
3 | 


*.* Theſe papers are not to be conſidered 
as one work, but as the gradual invention of 
the author, as they are all his own; for eve- 

body was then fond of being firſt to pub- 
liſh their new diſcoveries in this ſcience of 
electricity. | 


D _ PHILO- 


f 1 S * 4 4 —— : ' 4 ” . F 
. 4 $ * - F 4 L * f 0 
' 4 , | S # F% 2 7 oF + * - 0 
* n ' d P . - : * , — 9 
4 
* * 
Ly 4 8 7 1 o $ 
* ; * 0 I : ” 4 6 - 41 + 4 ; 
- * 1 + 


- 
5 3 1 
4 a * * 


9 W 9 * w7 6 * I 9.4 
ed — # 2 3 : £ a a# 3 * 11 : * . FF © 
- * — = 2 9 N F th 
3 | 13 1 SW z 4 24 $4.4 © 
= x 4 F Fa 48 ; \ * 26.4 1 
1 1 . $ 8 .'$ k ; 1 8 + | 
1 & * 
y 7 * ' : * 1 
* 
7 Z 7 l . a 3 * 4 R LI 
n 44 SET þ HR FR" 
ma 1 * + ; : * 
3 14 | i $5” F 5 41 $4 , 


LN 
| | Liſmore, 20th Sept. 1751. 
Gin N | 

reateſt men of moſt ages having 

3 it worth the while to enquire 
what was the cauſe of thunder, and the 
world ſeeming to acquieſce in an hypotheſis 
ſubſcribed by ſome great modern names; it 
muſt appear preſumptuous in me, to offer 


0 du ſome thoughts for a theory intirely new, 
at 


t t it is ſo to me) without I can ſhew 
a8 on bar cru. * 


A — 
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I think he bes + that this * ſtands 
on, is the authors aſſuming an analogy be- 
tween thunder and fired gunpowder; and then 
proving that there ate ſulphureous and nitrous 
particles in the air, they leave them to take 
fire by fermentation or ſome other accident, 
and from thence to form thunder. 

Firſt, the analogy is not juſt; for there i is 
not any thing ſi = of to thunder in fired gun- 
powder, except the noiſe. Which may be 
ſhewn from the different direction of their 
ſire, and their very different effects. 

Fired — acts, from a center to a 
circumference, with equal force at equal diſ- 

tance every, way, by propelling the circum- 
ambient air by the exploſion it makes. The 
fire of thunder acts in rectilinear angles (as I 
have ſeen, and as any body may who will ob- 
ferye it) with fuch ſabtile and diſtinct effects, 
as cannot be explained or imitated by the fire 
of gunpowder. The hiſtory of which effects 
is too well known to need a repefition here. 

I ſhall go on to ſhew ſome inſuperable dif- 
ficalties in the formation and firing this ſup- 
poſed aerial gunpowder. And firſtI think it 

mconceivable that the Moos and nitrous 

e ſhould coaleſce with ſome other un- 

wn third body, in the place of charcoal; 
in F Woch exact proportion as is neceſſary - 
make 


( 8 ] 

xnake. gunpowder, of any perfection, and 6 
form a body compact enough to equal the noiſe 
of thunder, When fired in the open air. For 
ſuch a body muſt neceſſarily deſcend by ies 
own. gravity long before it arrives to a bulk 
ſuthcient for the purpoſe. And ſecondly, Ithink 
it contradictory to all experience, that ſuch a 

coaliſion of nitrous particles ſhould ever hap- 
pen in the common ſeat of thunder; whichs 
in the moſt collected ſhowers which deſcend; 
for. there the nitrous particles. muſt be abſorb; 
cd. and diſſipated in the water; in which 
ſtate I think it impoſſible for I fire: 
Theſe and many other conſiderations (too 
prolix fox the — of à letter) induced 
me to ſcarch for ſome other cauſe of thundes; 
which I think I have diſcovered in that firs 
— is wee in angel experi- 
men vo yi clay t path 
This fue pervades and adheres to moſt bo. 
dies, while. it flies and cannot be brought to 
4 with ſome particular cr 1 = 
only mention two; air it | 

ſhuns, and water which, it more intimately, 
| pervades, than almoſt any other body. I muſt 
alſo obſerve that this fire does not only per- 
vade bodies, hut that it ſurrounds and cover 
them to a certain diſtance from their ſuper- 
ficies in proportion to the ſtatè of its activi- 
ty; which is encreaſed by heat. And that. 
ook it — 4 —— accidentally 2 | 
hh ae its natural affection, 
it it will fly fly off to the next approaching. 13 | 


which is — ſo much impregnated with this 
D 3 8 fire; 


TS 


fire; and when it departs in any confi derable 
quantity, it makes a conſiderable noiſe or 
crack. All Which 1s owe nearer by electri- 
cal experiments: | 

No toſhew that this * is the real cauſe 
Py thunder, we need only conſider it attend- 
ing every veſicle of humid vapour 2 
into the atmoſphere, and covering its ſa 
ficies-to a certain depth, which I thin it 
muſt certainly do. I ſhallnot here ſpeak my 
opinion how far this fire is the cauſe of va- 
pours aſcending, becauſe 1 ſhall troupe you 
with chat hereafter. | 
Having got the vapour aloft aticyded by 
this fire, wit th cif onitis any cauſe” for its 
aſcent, ſo without aſſigning any cauſe for its 
deſcent, I ſhall let it come down as uſual, 
which is in drops much larger than the veſi- 
cles in which it aſcended. Now in the coa- 
lifion to form theſe drops, we muſt conſider = 
what becomes of our fire; for the ſurface of 
theſe larger drops increaſing only as the 
ſquares, but their ſolids as the cubes of their 
diameters, the fire which ſurrounded the ſu- 
perficies of the veſicles muſt be protruded 
to a much greater diſtance from the ſuperfi- 
cies of the larger drops, and by that means 
made more in proportion to the larger drops 
than its natural affection would have made 
it join them with, and conſequently rendered 
more apt to fly off to the next . — 
or approached body, not ſo iT Fe 
by Xins we L HE > "PERS 0 Vie ate Ho, 
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1 have obſerved- before that the conſtant 
frat of thunder is in thoſe clouds which are 
moſt compact of humid vapour, and which 
deſcend in the heavieſt ſhowers, and that ge- 
nerally in warm weather, when the adjacent 
atmoſphere is ſerene; ſo that the humid va- 
pours are almoſt all collected into this chain 
of clouds, where according to the compaction, 
there will be a body of this fire collected (rea- 
dy to fly off) ſufficient to perform the greateſt 
effects of thunder. Which may be eaſily 
computed from the force of electrical experi- 
ments; where the ſmalleſt portion of this firs, 
flying off from an electrified body, makes an 
audible crack, and is able to give a conſider- 
able ſhock. What then muſt be the foree of 
this fire when it is ſo collected as to break 
from a cloud in a body of fire two or three 
hundred yards in length? which I have or 


ten ſeen. © 
| Now ſome'of theſe clouds dali gin dei 


deſcent, and the drops increaſingin their may- 


nitude, there i is a vaſt body of this fire co 
leted more than- what would naturally ad- 


here to theſe drops and their ſurfaces ; which 
being rendered more active in its vibrations 
y th heat of the lower part of the atmoſ-. 
2 ere, the ſphere of its affection (pardon the 
d, for 1 — no other) is alſo increaſed in 
roportion to the body of fire, which enables 

0 to — off to clouds (not ſo much impregna- 
ted) at a conſiderable diſtance, with that vio- 
lent crack, ſo much taken notice of, tho' it 


is ow from being the moſt wonderful of its 
D4 | effects; 


£163 

effects the dire influence of which we often 
Deg eſcape, hy this body's being diſſipated 
by the heat of the lower atmoſphere, before 
it comes within the ſphere of its affection for 
bodies on the ſurface of the earth. 
here is a ſuhſequent rumbling noiſe heard 
after the firſt crack or cracks of thunder. for 
this fire does not all break off from one point) 
which has been taken notice of and oddly ac- 
dounted for: but I think it neither is or cap 
be more: than echoes from adjacent clouds, 
which at this time are generally denſe enongh 
for that purpoſe ; and the — — fain- 
ter in proportion to the times of its being re- 
turned, I think {utficiently proves it. 
As to the {ubtile effects of thunder, I ſhall 
leave you to compare them with thoſe of elec- 
tricity, only allowing for the different forze 
of fire, which is ſo much greater ia thunder 
than can poſſibly be procured from artificial 
experiments; end I believe the analogy will 
plaialy appear. I ſhall only hint that where 
one body has been injured by thunder, and 
another (tho in contact with it) has remained 
untouched, that the latter will be found to 
be of that kind which electrical fire will not 

I muſt beg you will let me know whether 

this theory js worth your acceptance, for I 
fear that I am like a fond mother, blind to the 
imperfections of my own child. I have dand- 
led this opinion theſe eighteen months paſt, 
ſtill fearing to lay it before you. And now in- 
ſiead of feeing its defects, 1 begin $0. fer 

| | af 


I 8 þ 
that it has the face of truth and demonſtrati- 


on. If you think this diſcovery worth the 


purſuit; 1 ſhall venture to trouble yoii here- 
after with ſome farther attempts, to ſhew that 


pct fire is a n eanfiderable ar in na- 


Fit. that the ae af vapour a er 
ation is principally owing to it, and that our 
atmoſphere by that means is kept more homo- 
gencal than is generally ſuppoſed, and fatter 
for MIS, viſion, &c, and that clouds of 
neous matters are kept — nt 
their uſual hei ghit merely by this fire. 

„I ſhall prove that this fite is the 


* of refledion, refraction, and ene 


of light. 
Thirdly, I ſhall a het that this 


Ai the cauſe of that ſecondary atfraRtion and 
—— that Dis. e Has taken no- 


8 Aeuly I ſhall give ome hints the FEA 

uſes of this fire in —— and vegetation. 

What further I have thought w_y — 
not now een e 
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to-the Prefident and Council, of the'Royal 
The 


Society iu in — 
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SIR, London, — 25th, yl 
O0 R hive of the 18th of June laſt, 
| to the Royal Society, concerning the 
cauſe of — came to my hands after their 
ſummer receſs, ſo that it could not be pre- 
ſented to them till after the reſuming of their 
weekly meetings this month; on the 16th of 
which I read it to them, and received their or- 
ders to return you their thanks for it, and their 
_ defire of your thoughts upon the other ande 

which you mention. 
Your hypotheſis, with . to thunder, 
is juſtiſied by the experiments made in May 
laſt, and ſeveral times ſince,” upon thander- 
clouds in France, and verified by others in 
England; of which the world will have full 
ſatisfaction in the volume of the Philoſ. Tranſ- 
actions for the preſent year, now in dont 
and to be publiſhed about-February next. 

Any of the future communications, with 
which you ſhall fayour the Society, will find 
me at my houſe in Norfolk- ſtreet, in the 
Strand, or at that — _ 1 in Crane- 


Court, Flret-fixect.. 
8 4 R, 


Vour moſt obedient humble rend. 


To Henry > ef, 4597 Tü kann BiR c R, 
dt Liſnor se. 1; derdet RS. 
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8. I K. — © Liſmore, dcr b 1754. 
"RECEIVED your letter of the 25th Nov. 

1 17552, in anſwer to my letter to the Royal 
Society, concerning the cauſe of thunder. As 

u tell me that they have honoured me with 
their defire of my thoughts on ſome fubjects 
mentioned therein, I have ventured to ſend 

a letter for them, on one of theſe fut ecke 
incloſed in two packets, by this poſt. / 

I fear that the Society will think my letter 
too etical; our great modern philoſo- 
pher aving in ſome meaſure condemned the 
uſe of hypotheſes. But I muſt boldly obſerve 
that, that objection is made in a rt of his 
wotks which is entirely hypothetical ;” I mean 
his Queries at the end of his third book of 
Optics. And I ſhall venture to ſnew (if the 
Society will have atience to hear me) that 
tere is a great Gelbe etical in his ſecond 
book of Optics; r 4 he thinks himſelf 
9 aſcertained. F or he there ſpeaks pret- 

ty po ſitively of four cauſes for the refraction, 
&c. of light; three of which muſt be wrong, 
and the fourth, (his æther) in the manner he 
has. ſed it, can Titver be ſufficient for the 


purpoſe. ' Not that I intend tmpudently"to 
to cg the nor . | 
to inveſtigate the cauſe of refletion'and're- 


fraction of light, by means not made ſenſible 
to — in his time. 
i I may 


— TS * 4 
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I may alſo obſerve, that, if his hypotheſis 
had not preceded his calculation, the _ 
had riever been obliged to him for his grea 
doctrine of — For at firſt he 5 
ſuppoſed the power of gravity may extend to 
che moon; — that _ be retained in 
her orbit thereby ; but ION he made his cal- 
culation, (having miſtaken ſixty Engliſb miles 
far the meaſure of a degree on the ſurface of our 
carth) he thou t that ſame other power muſt 
co-operate that of gravity, . to to-keep the 
moon in her orbit; and, Er that time, laid his 
attempt aſide; till Bicart, in France, meaſured 
2 e found that it contained about fix- 
ty-nine Engiiſb miles and an half; and then, or 
ſome years after, our great author, having re- 
fumed his.computation, found that the pawer 
of gravity. was alone fufficient to keep the 
moon and planets jn their orbits; and thereby 
proved his hypotheſis. 

Indeed, in works of 8 1 can t ſee 
bow it is poſſible to proceed without ſomething 
Ie for, the ſuppoſition muſt ever 

the proof. I am not for eſtabliſhing 
rede as principles; but if an hypothe- 
is I founded, J think it is worth 
the while to enquire into the truth of it, and 
thus invention 8 1 Hall not ſay 
any thing in juſſificatiomof x opa, e 
have not an 3 to for, i f my let- 
ter has no cir, or your accept- 
ans, 1 Tn en 3 — 
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E 
don for the trouble I have given, and defi 
from. giving any tor the future. I am, 


To the Rev. Mr. Thos. 1 SIR, 
N „we to a 
the al Society, in 
Crane-Court, — 2 humble OY 
Street, London, _ 

e | He. Pudks. 
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| Boing ee Lone 16h Nov. 2753 
HE great honour you have done me, in 
accepting my letter concerning the.cauſs 

of F. er hr emboldened me to in 

part of what I therein-propoſed, vis: to endea- 
your to thew, that the fire; which is made ap- 
parent by electrical experiments, is the prinei- 
pal caufe of the aſcent of vapour and exhalati- 
on; and that the lower part of our atmeſpher 
is, by that means, kept more eneal, than 
is generally ſuppoſed, and fitter for reſpiration, 
: eo 
matters are kept ſuſpended at their uſua? 
hei ht, merely by this fre. 

owhnchT 1 added ſarnethirig, coneern- 
ing the cauſe of the winds; and to explain the 
general ee, of the weather and ba- 

rameter. 193 f on 
But; as F muff toi contridiee ſewe güne N 

rally received it may be thouglit de- 
cent to make e apology for offering mr 
own,; but I ſhall not take up your time 
| doing ; 
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doing ; for, if they carry an appearance of 
truth, I need not make an apology for them; 
if they appear falſe, they cannot injure thoſe 
opinions which they contradict; and then I 
have but one apology to make, which is, to 
acquieſce, and ſincerely aſk your pardon for 
having troubled you with them. 

It 1s agreed that the aſcent of vapour and 
exhalation through the air may be effected two 
ways; by impulſe, and an alteration of their 
ſpecific gravity. 

That vapour does not generally ahond by 
impulſe, may be proved by many familiar ex- 

riments, viz. Put boiling water into a veſ- 
ſel, and then empty it, and hold the veſſel with 
the aperture downwards; the vapour which is 
afterwards expelled from the veſſel muſt be in 
a direction downwards; but we find that, as 
ſoon as it has got but a very little below the 
rim of the veſſel, it has its direction altered, 
and aſcends. by the laws of ſpecific gravity. 
The ſame thing may be obſerved in all boiling 
veſſels where the vapour is emitted in a direc- 
tion downwards; or in cold weather, when 
the vapour of a man's breath may be ſeen, let 
him breathe downwards, and the direction of 


his breath will be preſently altered, as in the 


former caſe. 


Since vapour does then aſcend without any 
other impulſe, than that which is incident on 
all bodies, aſcending. by the laws of ſpecific 
gravity, it is neceſſary to enquire how the ſpe- 


- cific {rat of FROM is n to cauſef its aſ⸗ 
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This is generally ſappoſed to be done, 
filliny _ ly oppoſe rarified air, ye 
the lhe of the veſicle be ten, or more 
times, the diameter of a drop compoſed of the 
ſame conſtituent particles of water; and that 
the veſiele by this means wee ſpecitically 
Ii ighter than air. 

But T think that this cannot: by tons ſo ea- 
fily as it has been generally imagined ;' and, 
when done, it will not be ſufficient: for the 
purpoſe : which will appear from the follow- 
ing conſiderations. Firſt, the great difficulty 
in forming thoſe veſicles, eſpecially of the par- 

_ ticles of 45 bodies, carried off by exhalation, 
and filling them with rarified air, while the ex- 
terior air remains condenſed. Secondly, that 
there is not any allowance made for the weight 
of the included air. Thirdly, the conſtituent 
particles of water are but very little (if at all) 
altered in their ſpecific gravity.” Fourthly, 
that this thin veſicle can never be a ſufficient 
boundary between the exterior oondenſed air 
and the interior air ſo exceedingly rarified. 
And therefore as the denſity of air is propor- 
tional to the force competing it, it follows 
that the interior airmuſt be ſaddenly compreſ- 
ſed, and the veſicle with it, until it be of an 
equal 3 with the exterior air; in which 
ſtate the veſicle is not more fitted for aſcend- 
ing, than if the ſame conſtituent wat ef nad 
cles were formed into a ſpherical drop. 

For here I'muſt beg leave to ſet aſide a falſe 
n which I have found in many approv- 
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ed writets on this ſubject, who aſſert that the 
fpecific gravity of bodies is altered by a mers 
_ encreale of ſurface upon their being divided 
into minute parts. Which is wrong For the 
ſpecific gravity of any body is only to be alter- 
ed by making that body accupy a greater or 
leſs portion ot ſpace. Now it is evident that 
upon di viding a body, into parts, the * 
encreaſes according to the number of parts, 
but the ſpace occupied, and conſequently — 
gravity, remains the ſame, Fake a 
cube whoſe fide is ten inches, the ſarface is 
ſix hundred ſquare. inches, the ſpace, ocou- 
pied one thouſand cubic inches; divide that 
cabe into a thouſand cubes; the ſurface will 
be encreaſed to fix thouſand ſquare inches, 
but the ſpace occupied will remain a thouſand 
cubic inches, and therefore the ſpecific gravity 
will be the fame ; and ſo on divide it into as 
many parts as. you pleaſe. Indeed bodies, by 
an encreaſe of ſurface, meet a greater refiſt- 
ance in paſſing through any medium; but 1 
think reſiſtance and ſpeciße gravity are here 
carefully to be diſtinguiſhed. For that re- 
ſiſtance whieh — the ſinking of the 
minute parts of a body, in a fluid ſſ 
Tighter, muſt equally retard their aſcent in the 
ſame fluid; and therefore can never be the 
cauſe of their aſcending. 

But let us ſuppoſe that this veſicle i 6. rm 
and filled with ratified. ait, and aſcending 
through the atmoſphere ; it is plain, from ano- 
ther cauſe, that it cannot remain ſo during a 
few ſeconds of time: for no ſolar or culina- 
ry heat can expand air, ſo as to make it per 

manent 
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manent in that Nat, 3 in a, veſicle. of vapour, 


aſcending through the open. atmoſphere, - o 
the Fe: of one Shae for it is evident, 
that metallic bodies, heated many degrees hot» = 
ter than bojling water; and n larger 
than the aſcending veſicles, cool in a few ſen = 
conds, when 2 ed to the open atmoſphere. 
For inſtance, mechanic operators, in temper. 
ing ſmall drills, only heat them red hot in the 
flame of RP and then wa ying them three. 
or four times through the air, find them not 
05 cold, but hardened hy their ſudden cool 
1 . to be fit for cutting other parts of the 
a Be, which. has, MEASLES more e 
be a thep points of 5 oo 2 
much « quicker 8 775 included air be conden- 
d equal to. the circumambient air almaſt in- 
Ni conf in which Rate the veſicle. is not 
fitter for aſcent, than that i water was. 
re the velicle Was formed; for pinky the ; 
of the water is vaſtly encreaſed:by the 
frm of the yelicle, which, may retard the de- 
[cent of it through the air; yet that form muſt 
egyally obſtraQits. aſcent ; 25 25 1 — PEG "- 
gravity: of, A gonſtituent . 
the ame, I can't ſee 2 
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we can give it) is not more than a nineteenth 
or twentieth part of what it was before. 
But, ſuppoſing theſe veſicles formed and 
aſcending; there is ſtill a very neceſſary power 
wanting, 1 mean repulſion, to prevent their 
running into contact (by their natural attrac- 
tion) and forming larger maſſes; in which 
ſtate they would immediately deſcend. 
No let us ſuppoſe that they aſcend by i im. 
pulſe; it will be very difficult to explain their 
motions which. are evident to ſenſe. For, if 
they aſcend by impulſe, their motion muſt be 
continnally retarded by their gravity and the 
obſtruction of the air, until they arrive at their 
greateſt height, which muſt always be in pro- 
portion to their firft velocity; and then they 
muſt deſcend by the laws of ſpecific gravity, as 
all other bodies do. The velocity with which 
we generally ſee vapour aſcend, is not ſuffici- 
ent to carry it a few yards in height ; and there- 
fore, if there was no other cauſe af aſcent but 
| impulſe, the vapours and exhalations muſt be 
pretty 3 y diffuſed over the ſurfuce of the 
earth, aſcending to a ſmall height, and imme- 
diately' Selbehing again: Or, if it were poſ- 
ſible for them to float at that height, the con- 
ſequence muſt be a perpetual fog. How far 
the great uſes of viſion would be obſtructed or 
loft in this cafe, 1 need not mention ; nor need 
F fay how detrimental it would prove to reſpi- 
ration, ſince mankind have 89 9 to call fogs 
ofiwhioleſome:** However, when I come to 
ſpeak of the uſes of electrical fire in animal 
l I ſhall ſay ſomething on this ſubject. 
However 
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However neceſſary an impulſive power may 
be in the firſt emiſſion of vapour and exhala- 
tion from their maſſes, I think it evident, 
from the ſlowneſs of their aſcent, that it can- 
not carry them to that height where clouds 
are uſually] formed; much leſs is it poſſible 
that it ſhould be the cauſe of their floating 
there for many days, as we ſee they do. This 
can only be done by an alteration of their ſpe- 
cific gravity, till they are brought into equi- 
librio with _ 5 of the atrnothliere where 
yp float. Wei is 
lt now remains to enquire by what, means 
this may be done; : ſince neither impulſe, ra- 
Fiefaction of the air, or any formation of their 

parts by expanſion * I know bly: Com 
Jufficient for. the purpoſe. e 800 

There appears to me but one way of alies- 
| 30g the ſpecific gravity! of the particles of va- 

our and exbalation. to render them fighter 

n air; which is by adding to each particle 
a 2 ni quantity of ſome fluid, whoſe elaſ- 
ticity and rarity: are exceedingly: greater than 
that of the air. That the fluid or fire of elec- 
tricity. is ſuch, I believe will be eaſily granted 
me; but: hiker it is adapted to this purpeſt, 
we muſt enquixe from experiments. ON 
But, firſt, let me not be thought abfind in 
ſaying that the Creator might have thought 
proper to adapt this fluid to this particular 
purpoſe; for the purpoſe is great, no leſs than 
All vegetation and animal life depending on 
the N deſcent of vapour and exha- 
Fe Jones 4 k r 
norevts) E 2 ; . Inced | 
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I need not run into a prolix detail of elec- 
4ncal experiments-to prove the properties of 
this fire,” which are much better known to 
you. - Altho'I have made ſome experiments, 
N perhaps, have not yet come before 
by which it appears that all ſumes ari- 
kae from fire, whether blazing or otherwiſe, 
all ſteams riſing from boihng or warm 
Waters, and from all other fluids, and the 
breath of man and of all other animals, and 
all the efluvia thrown off by perſpiration, are 
all ſtrongly electrified; but ] ſhall not trou- 
Hee you with theſe until I come to ſpeak of 
tte uſes of this fire in animal life. I ſhall 


now only mention a few which are wellknown, 


and which are to EFirſt, that de- 
ſultory motion y ieh n thee off from an 
electriſied body to any number of non-elec- 
trics which art brought within the ſphere of 
its activity and affection, until it be equally 
diffuſed through all. And, Secondly, that the 
ſphere of its activity is enereaſed by heat. 
_ Thirdly, that this fire does not mix with air. 
Fourthly, that it intimately pervades water, 
aud many other bodies, covering their ſuper- 
fioies to a certain diſtance; 'which diſtance is 
not in proportion to the bulk of the body 
electrified, but in proportion to the ſtate of 
2 of the electrical fluid. Fifthly, this 
L fluid readily joins with any fire which 
ues * rather with the blaze, or fumes of 
any fire; but will not mix or fly off with the 
- fire of red-hot iron, or any other metal which 


does not fume. I have not met with this ob- 
2909 of ſervation 
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ſervation in any writer on electricity, but 1 
have proved it by experiment. 

| Now to ſhew that this electrical fire or floid Wes 
is the principal cauſe of the aſcent of vapour 
and exhalation, we need only prove that it 
attends all vapour and exhalation, and that in 
ſuch quantity as is neceſſary to render them 
ſpecifically lighter than the lower e —4 

atmoſphere. 

I ſhall not utidertake to determine by what 
_ cauſe vapour and exhalation are detweodfrom | 
their maſſes ; whether by the ſolar or culi 
fire, or by the vibrations of the electrical 
rendered more aQive by thoſe fires; tho' I am 
led to think the latter. But it is evident that 
they are united in exceeding minute diftint 
particles, and that theſe particles muſt paſs 
through that electrical fluid which * 
the ſurface. of the maſs, and that, by that 
means, they muſt be equally eleQrified with 
the maſs ; that is, they muſt be covered with 
| the electrical fluid to as great a diftance' from 
their fuperficies as the maſs is covered; which 
muſt always be in proportion to the ſtate of 
activity of the electrical fluid. In which ftats; 
when they ha ve p the ſurrounding flui 
they muſt be repelled by it, and alſo repel 
cath othey; and if each partieie of ee 
its ſurronnding fluid occupy # greater ſpace 
than the fame weight of air, tlio muſt be fit- 
ed to aſcend till they come in equilibrio with - 
the npper and rater part of the atmoſphere, 
where” they traſt float until their ſpceific 
ny is altered. As it is very difficult "= 
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ſign the magnitude of each particle of vapour 
and exhalation, and that of the ſurrounding 
fluid, and to ſhew that both taken together 
occupy a greater ſpace, than the ſame weight 
of air; we can only apply to experiment to 
ſhew that it is poſſible that it may be ſo; and 
that will ſhew that in all probability it is ſo; 
ſince it is evident that every particle muſt be 
endued with a portion of this electrical fire or 
ſiuid; and that there is not any other ſuffici- 
ent cauſe aſſigned for their aſcending, It is 
evident that upon electrifying any light matter, 
ſuch as down or the downy parts of feathers, 
that their ſpecificgravity is much leſſened, and 
that by holding another electriſied body under 
them, they may be driven upwards at pleaſure. 
It is — evident from experiment, that the 
more you divide the parts of ſuch bodies, the 
more of their ſpecific gravity will they loſe by 
being electrified; and by dividing them into 
minute parts, Ihave found, that they aſcend- 
ed to a conſiderable height after they were 
electrified. From wWꝗurnce I think it highly 
probable that the exceeding ſmall particles of 
vapour and exhalation may be, and are ſuffi- 
ciently electriſied to any them 8 
lighter than the lower air, nd that they do aſ- 
cend by that means. And that they will 5 
cend proportionally higher as the ſurrounding 
fluid is proportionally greater than the pane 
cle which is carried up. 

It may. be now thought 8 to bew 
what becomes of our vapour and exhalation 


1 . or how * are to come down "Bat 
; ut 


— 
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But I muſt here be g your, patience while I en- 
deavour to ſhew that the aſcent and deſcent 
of vapour and exhalation attended by this fire 
is the principal cauſe of all our 3 In do- 
ing a which I hope to bring down the yapours 
and exhalations, and explain the general phae- 
nomena of the weather and barometer. - 
It being admitted that wind is only air put 
into motion, many have been the conjectures 
how that motion is cauſed. Among which 
the motion of the carth, and the air's bei 
rarefied by the ſun; 3 to ſtand firſt. T its 
trade winds being moſt regular, and occupy 
ing a conſiderable part of the globe, it — 0 
{ons thought proper firſt to account for them 
from the afore-mentioned cauſes. But I think 
that theſe cauſes, by themſelves, are not ſuf- 
ficient for the motion of thoſe winds, and 
much leſs fo for the irregular motion of all the 
other winds. If the apparent motion of the 
air was occaſioned by the diurnal. revolution 
of the earth from weſt to eaſt, by the air's 
being left behind, the motion 25s be found 


more regular, and very different from what 


it is; for in that caſe the greateſt motion muſt 
be at the equator, and from thence leſſen by 
regular degrees to the poles, and muſt be con- 
tinued always query one WAY, both day and 
night, and at all ſeaſons. But we find —.— 
the contrary, the moſt gentle gales blowing at 
the equator, and between the tropics, pretty? , 
ſteadily one way all day long, and dying a- 
wy at night; while Nishen wines ſtorms, 

„ „ E 900) blowing 
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blowing all manner of ways, ate found in 
1 higher latitudes. 

Iſhall not detain you to ber that the ſun's 
ing the air cannot ſimply be the cauſe 
of all the regular and irregular motions which 
we find in the atmoſphere ; but I ſhall x 
ceed to what I think is the cauſe, viz. he 
aſcent and deſoent of va and exhalation 
attended by the electrical fire or ful. 

Vou are well acquainted with the calculati- 

ons {by ſundry authors) of the quantity of va- 
pour raiſed in a day; but Þ will venture to 
ſay, that all thoſe I have met with fall exceed- 
ingly ſhort of the quantity raiſed in the tortid 
zone. Now all this vapour and exhalation 
being buoyed up by the electrical fire, muſt add 
a column to the air, tho' of a different matter, 
at leaſt a thouſand times greater than the va- 
Pour and exhalation taken up; which column 
_ muſt neceſſarily force the adjacent part of the 
 Meuimbent-air upwards ; and muſt as neceſ- 
farily be re- acted u by the e air, 
to reſtore the equilibrium of the whole air. 
And as it cannot be readily forced down again, 
it muſt float off, at that altitude, toward thoſe 
parts where little or no addition has been made 
tothe atmoſphere, and by that means muſt pro- 
pel the air on the horizontal level with it, and 
chat below it as it is itſelf propelled by the 
weight of the incumbent air; and that mo- 
— be from the r the 
ntity of va is raiſed, to- 
ward a poles, and = weſt, as the 
2 eine toward the fun. For here we aſs 
co 
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confeſs that the ſun is the great agent in de- 


taching vapour and exhalation from their 
maſſes; whether he acts immediately by him- 
ſelf or by his rendering the electric fire more 
active in its vibrations. But their ſubſequent 
aſcent I attribute entirely to their being ren- 
dered ſpecifically lighter than the lower air 
by their conjunchon with this electrical fire. . 

The fire which ſurrounds the vapour be- 
ginning to condenſe, and the vapours to ſub- 
ſide in paſſing the tropics becomes a greater 
9 on the air beneath, and by that means 
forces ſome part back into the tropics in the 
place of that air protruded by the aſcent of 
the vapour, &c. and the remainder in a di- 
rection toward the poles. Ihe common ro- 
tation of the air in coming in below to ſup- 
ply the place of that part carried up by any 
fire may explain this motion. 
To ſhew how this motion muſt tend to the 
welt, we muſt conſider that the column of air, 
_ raiſed by the aſcending vapour, &c. is at its 
greateſt altitude to the ws wg and therefore 
muſt Dy, that bir og the OUR! we + 
contin rotruded by the vapours . 
ginning to 2 555 Eo 1g "and the | 
compreſſed air at the tropics. muſt tend to 


the weſtward, till their forces ineenting make 
the motion intirely to the weſt. The air it- 


ſelf being ratcfied and carried up by the re». 
flection of the intenſe heat of the ſun (fot heat 
in flying off from all bodies does aſcend t b 
the air with great velocity) may be a 8 
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able additional cauſe of theſe trade winds ; 
but never can be the ſole cauſe of all the. ere 
ratic winds. 

As I am not ſufficiently informed of the 

rticular formation of the globe, to account 
for all the irregular winds within the tropics, 
I ſhall only venture to fay that where, ſuch 
happen, it muſt be by means of ſome tracts of 
lands which riſe toa greater height above the 
horizontal level, than vapours generally do; 
by which the motion of the vapour 1s. ftop- 
ped, and the vapour accumulated by ſucceed- 
ing vapour, and the air upon which they float 
is of Oe n a new diree- 
tion. 


oy — 


vapour, &c. Bean from over the tropics 
toward the poles, which. being leſs affected 
by the heat of the fun, reflected from the 
furface of the globe, the ſurrounding eleQri- 
cal fire begins to condenſe more and more as 
it moves toward the poles, and the vapour of 
courſe to deſcend, and that part moſt, which 
is moſt remote TASY or is fartheſt left behind 
by the ſun; and of conſequence the high 
column of air muſt tend that way to 59 
the equilibrium, which motion, at this ſide 
the equator, muſt be to the north-eaſt; and 
as the vapour, &c. fall again to the earth the 
motion muſt be more to * From whence 
* | 35356 our 
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our ſouth-weſt and weſterly winds, which 
blow a conſiderable part of the year. But as 
this ſyſtem is too regular to account for the 

henomena of the erratic winds, we muſt 
conſider whence they ariſe. I have before 
obſerved' that tracts of land riſing into the at- 
moſphere will ſtop the regular motion of the 
vapour, &c. and that the vapour being accu- 
mulated by ſucceeding vapour, the ſubjacent 
air muſt be preſſed into new directions. Now 

this cauſe added to the daily dilatation of the 
electrical fire, and the contraction at night, 
and the coaliſion of vapours to occaſion their 
total deſcent, will be Hcßeien to produce a 
very great variety of winds on this ſide the 
tropic. But if I were to ſet down all that has 
occurred upon this ſubject about upper cur- 
rents, under currents, and intermediate tranſ- 
verſe currents, &c. occaſioned by the various 
motions of the atmoſphere to reſtore an equi- 
librium; and, to produce my proofs, I muſt 
ſend you a book inſtead of a letter but I 
write not to common minds. 

It now remains to ſhew how the — 
phænomena of the weather and barometer 
ariſe from this ſyſtem. Firſt, why it generally 
rains in the ES. while the wind is ſouth, 
ſouth-weſt, and weſterly. - Secondly, why 
north-weſt winds are generally attended by 
ſhowers, in the beginning, and become more 
dry, as they are of longer continuance. Third- . 
ly, why; eld and north-eaſt dyinds are gene- 
* rr en Why menen | 
5 e Gn to 165m Wee 
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tinues dry and dark for a conſiderable time 
together. Fifthly, why ſqualls precede heavy 
and diſtin ſhowers, and a calm enſues for 
ſome little time after they are paſt. Sixthly, 
why ſtorms and high winds ſeldom happen in 
a ſerene ſky without clouds. Seventhly, why 
the vapours in warm ſeaſons coaleſce to form 
thoſe diſtin, denſe clouds, which 5 oduce 
thunder and heavy ſhowers. ' Eighthly, why 
the | barometer falls loweſt in long continued 
rains attended by winds, and why it riſes high- 
eſt in long contmued fair weather; and why 
the intermediate changes happen. Ninthly, 
of land and ſea breezes, and water-ſpouts. 
Firſt, the vapours, the tropics into 
the colder e Na wer ſurrounding fire 
condenfed by degrees. which muſt encreaſe 
their ſpecific gravity, and leſſen their repulſive 
power; by which means they muft both de- 
feend and approach each other, till at laſt they 
form denſe, viſible clouds; and theſe clouds 
are alſo accumulated by other fucceeding va- 
pours, of like ſpecific gravity, till they form 
clouds, which are often ſeveral hundred yards 
in depth; which I have often ſeen, in paſſing 
through them up the fides of very high moun- 
tains. In clouds of ſuch depth, I think the 
coaliſion of their particles, to drops, may 
ariſe from their motion, 3 order of ſpe- 
e , at the 
bottom of ſuch a cloud, than it is at the top; 
and the particles of vapour, with their fite, be- 
ing pretty near of an equal ſpecific * 

e 


and ſphenicity, (if fluid) by their attracti 
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thoſe particles which. are below muſt necefla- 
rily be forced upwards, and thoſe above muſt 
as neceſſarily deſcend, till they, all, meet at 


that 3 whereat. their ſpecific gravity 
would make them float; if they were nat pre: 
vented merely by their repulſi ye power; but 
this repulſive power. muſt be greatly acted up- 
on, if not quite overcome, in ſome. places by 
this preſſure of the air nd of the wane. 
But ſuppoſing the . only brought into 
a 22 near approach by this preſſure, it will 
be ſearcely poſſible for them, upon any, moti- 
on of the clouds, to keep their fate diſtance: 
without impinging upon one another: And, 
whenever PER 1 to ſhew how 
rain is ſormed. For, wherever two 
particles are forced to approach . thei 
_ repulfive powers, they will run into contact 
Power, and by that means become covered; oy 
the electrical fluid to a greater diſtance from 
their, ſuperſicies, than the orher particles are, 
or than they were before their conjunRion; 
(as I have ſhewn in my letter concerning the 
cauſe of thunder, that is, they vl —ͤ— | 
electriſied ; .8ad,cank whe . pear b 
electrical onperiments, 6xcel: 8 
fluid will ryn aff among the at de ; by 
which means e 
ſpecifie gra vy engreaſod, e 
daſcend 1 regian of the air; tr 4 
mort particles they npnge upon in 
_ wee chei 
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velocity be encreaſed; and the more their ve- 
locity is encreaſed, the more particles will they 
imping upon, till they fall from the clouds in 
drops, whoſe bigneſs will be according to the 
depth and denfity of the cloud they have 
It may be neceſſary to ſhew, why I aſſert 
that the encreaſe of velocity in the enlarged 
particle will make it imping upon a greater 
number of the ſmaller particles, in its paſſage 
through them. And this will appear by elec- 
trifying a feather, which may be driven up- 
wards, by the electrie body, with d certain ve- 
locity ; but if you add a much greater velocity 
to the electric body, it will overtake the fea- 
ther, and get within their repulſive power, 
and the feather will ſtick to it by their attrac- 
tive powers. And the leſs diſtance the feather 
keeps above the electric body, the leſs encreaſe 
of velocity is neceſſary to make them join. 
You'll pardon my prolixity in this particular; 
becauſe I think much depends upon it, in the 


formation of rain. ein BEAT 10 

Having ſhewn how I think vapours may co- 
aleſce into rain, I ſhall now endeavour to ex- 
plain the phenomena of the weather, &c. 


And firft, why our ſouth, ſouth-weſt, and 
weſterly winds are wet in winter, I have be- 
fore ſhewn that the wind, and vapour with it, 
muſt tend from the tropic toward the pole, and 
how it may be varied to the north- eaſt, and 
to the eaſt. In the cold winter ſeaſon; the va- 
pour, in this courſe, muſt coaleſce more and 
more as it comes into the colder regions, and 

| | at 
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at laſt” come down i in miſts and Hin; yy the 
more the column of air is decreaſed by t Fig fall 
of ſuch miſts and re rain, the more La 18 there 
for ſucceeding vapour. to be preſſed into, the 
ſame courſe, and to fall in like manner, and 
ſo, on, which may occaſion the. continue 
courſe 51 theſe winds and wet, which gene- 
rally attends our winters. But ſometimes at 
the fall of theſe rains, the wind comes in from 
the north-weſt, to reſtore the balance of the 
atmoſphere, and rolls. the. vapour, {till floating 
in the air, (by altering. its motion) into heayy 
denſe clouds, which, upon their ſudden. coa- 
liſion, let fall heavy 105 o wers; and by. that 
means the remainin; g particles of vapour in the 
cloud have a gester quantity o of elearic fluid 
diſtributed among them, Which enables them 
to aſcend, and Feu What the ſailors call an 
hard dry ſky; and as they en farther 
into - A warmer climate, whic encreaſes Foe 
power. of the electrical fluid, they riſe, di 
pate and vaniſh out of. fig ht; and this 1 is the 
general conſequence of Borch. welt winds. As 
to the north and north-caſt winds, whatever 
vapour they bring with them, has its repul ve 
and aſcending power Chat is the electrical flu- 
id, fo encreaſed b roaching 1 into warmer 
atid Warmer n ug vis that 1 it | arge Agr: 2 
down u in rain, except "from x the oo of me - 
* 0 current of th nals,” 9 
7 0 haj Pens, yr While Oct id ml 
ently at caſt, hat e coaleſce at a 
32 rab hee in 17855 moſp re, 1038 to 
ed one even, 3 cloud, A W to 
| | | ut 
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ſhut out * bright ſhining light of the ſup, 
which is therefore called a dark ſky ; Which 
cloud being uniform, and of no great thickness, 
and carried on by a very gentle motion, and | 
that neither approac a warmer or a cold- 

er climate, and ſeldom deſcending ſo low as to 
be diſturbed by the tops of mountains, the 
vapours may keep the order of their ſpecific 
gravity for a conſiderable time, as they gene- 
rally do; till, ſome croſs or oppoſite wind 
forces them to ſeparate into denſer clouds, and 
lea ve apertures for the ſun to ſhine through; 
and this is generally the caſe. for a . day or two 
before an Te deftende EY AT 
Why Ws qualls precede heavy dining how- 
ers, and a Calm enſues for ſome little time af- 
ter they are paſt, is pretty evident; for the 
degendng ing rain, attended by the electrical 
fluid, forces the ſubjacent air Tat of its place, 
and that which is 17 forward muſt add a 
ortional velocity o the motion of the 
wind. that way, and th Kuben is driven back- 
ward muſt 41¹¹ obſtruct the motion of the 
wind advanci after the cloud. The Wind 
Dreceding the cloud is alſo preſſed off oblig ue- 
y towar cipher Extreme of the ſhower. Wich 
may be "be of | 500d 95 for failors to know and 
r if th ey fail upon a wind from the 
98 + the 155 5 toward the 9 FG 5 

they may ſafely venture T9, keep 

but if thi fail from the extremi 2 7 27 the 
center, 1 they luff up, they will be taken a- 
back, aud run the d being diſmaſted; 3 


e Wa den przed by 
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Why high winds are ſeldom Wund in a © 
rene ſky without clouds is alſo pretty evident: 
for clouds occaſion theſe high winds ira dou- 
ble manner; firſt, when they are large and 
united and upon the deſcent, as they o οο 
a great fes in the atmoſphere, they muſt 
preſs the ſabjacent air into a great velocity; 
and ſecondly, when' they coaleſce: and come 
down in heavy rains; they make room for the 
air to flow in witk violence a reſtore” the 
equilibrium of the vνõ%he air. 
To know how the vapours n 
ſeaſons to form thoſe diſtinct denſe clouds, 
which produce thunder and heavy ſnowers, 
we mult firſt conſider the ſtate of the vapour 
in its aſcent, which muſt be ſtrongly endued 
with the electrical fire to enable it to aſcend - 
to the great height, it then does, in the at- 
maſphere; ſecondly, the great quantity car- 
ried up and kept afloat at that great height 
during a ſeries of hot dry weather. The quan- 
tity may be proved from the height of the 
Ins Forms. in the barometer (as I ſhall ſnew pre- 
ſently) and the great height and difſipation of 
the yapour from the ſerene appearance of the 
ſky; and alſo by the great height where even 
thunder clouds are formed in its deſcent ; 
which may eaſily be meaſured by the length 
of time e the light and noiſe of thun- 
det: In this ſtate the upper air is in a quie- 
tude, / and whatever part of this vapour be- 
gins to coaleſce) and: ſubſide firſt, will carry 
down with it part of the ſubjacent vapour, and 
make fo at-tht 72 e 


2 2218Þ! Ps” wh flow. 
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flow in from all ſides, which, by their meet- 
ing. may alſo coaleſce and ſubſide to form this 
cantral deſcending cloud; and fo alſo of like 
ſucceeding — And thus I think clouds 
of any denſity may be formed, in a quiet air 
God th thunder generally happens in calm wea- 
ther) till the denſity is too great for the buoy- 
2 e e fire 4 ſuſtain the weight; which 
ying off in part . J lets 
chem fall almoſt in ſpou - „ 0 . 
Why the mercury "Falls aud riſes in the * 
rometer will r from what I have been 
 Gaying; for in long continued fair dry wea- 
ther there is a great quantity of vapour raiſed 
and kept afloat in the air; which muſt neceſ- 
farily add a column to the air at leaſt a thou- 
ſand times greater than the vapour taken up, 
and oftentimes much greater than that, which 
muſt as neceſſarily encreaſe the weight of the 
ait, and make the mercury rife proportional 
to the additional column; and when rains de- 
ſeend, they ſubtract a column from the air 
near a thouſand times as great as the water 
fallen, which muſt neceſſarily leflen the weight 
of the air, and make the mercury fall propor” 

tional to ſuch ſubtraction. 

As to winds, they affect not the mer- 
cury, but as they are generally, in theſe cli- 
mates, a conſequence of deſcending clouds 

and rains, blowing into thoſe parts where the 
column of air has been leſſened, and while 
they blow, the mercury will continue low in 
the barometer, till the equilibrium of the at- 
3 * I believe if it were 
ON | 
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enquired into, whether the mercury daſpends 
when the wind begins, to blow every. morning; 
between the tropics and the vapour to aſcend. 
that it will be found that the mercury rather. 
aſcands. 3 

There is a phenomenon which has puzaled. 
many, that is why the mercury falls before. 
the rain falls. This may e eee 1 
column of air's e | 
the firſt deſcent of the en till they ful 
in rain. | 
"*S [ all now ſay ſomething af land breezes. 
and fea breezes, a phenomenan which ſomer 
times happens in fair ſettled weather; that 
the win blows out from the land at 
night, and in from, the ſea at dapetime. 
The Jang. breeze is ogcafiencd..by. the de- 
ſcent. of clouds and, the particular ſarmati- 
ou of the land; for if the land riſe into an hi- 
Wake the ſea, hen the clouds an / 
vaponts deſcend: at night, which they often 
dot by the clerical flnids, being, condenſed, | 
they muſt pre ſs the air den the land toward 
the ſea in their ku a5 May-ApPcar from the 
ſmpke of any fire mens, down the dide at: 
an hill, in the excning of adap day; when: 

the clouds are upan the. deſcent. Aud tha 
ſea bree is ccaſſoned hy the clopds aſasd- 
ing in the Jap-time, wich, aſt papel tbe 
ingumbent..gir pwards, and make, om 
for oy 20 ſea tbreene to flow in 3 hut befide the 
2 ps hg tas i is an egen 

e Rays raised frm jhe: 

| land tha 


rom the ſea, For the ſame extent 
3 2 : 
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of land has an exceeding greater ſurface than 
the ſame extent of ſea ; which may appear 
from the various forms of vegetables and ani- 
mals, &c. and the greater the ſurface the 
greater will the evaporation be; beſide the 
more-irregular theſe ſurfaces are, the greater 
will be their reflection and refraction of the 
ſun's beams, which will encreaſe their power. 
And it is alſo neceſſary that the evaporation 
ſhould be much greater from vegetable and ani- 
mal fluids, than from fluids in a quieſcent 
ſtate, to carry on a circulation for the great 
work of nutrition. But of this when I come 
to ſpeak of vegetation and animal life. Now 
the aſcent of theſe vapours muſt beget a cir- 
culation of the air inward from the ſea; in 
the ſame manner as the aſcent of vapours from 
any fire brings in the air below to that fire. 
As to water ſpouts I have found them oddly 
deſcribed by the learned; as being great co- 
lumns of water ſucked up from the ſea by the 
clouds. Eut never ſaw any ſuch; nor could 
I find upon eng quiry from many honeſt men, 
who have failed almoſt all our known ſeas, 
that they ever met any ſuch ; and there- 
fore I do not believe that there are any ſuch. 
There is indeed an a ppearance ſomething like 
their deſcription, which may have given riſe 
" their 3 but this is no more than 
4 heavy ſhower from a very denſe cloud, 
is en into a conical form, and We 
very narrow compaſs at bottom, before it ar- 
rives at the ſea; which it daſhes with great 


mn in its fal. by e worth the nile 
Sts Mn to 
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ro enquire how the ſhower comes into this'co- 
nic form; which think is cauſed b y the ge- 
neral attraction. For while the vapours float- 
ed in the air, being of like ſpecific gravity, 
they were equally attracted by the air as by 
one another; but when their ſpecific gravity 
was greatly encreaſed by their being formed 
into larger drops, and letting go great part of 
that elaſtic fluid which buoyed them up, and 
the greateſt quantity of water falling in the 


center: of the ſhower, the extremes may be 


greatly attracted to the center, in their y_ 
ſage downwards. ö 
There is one objection may n to all 
1 have been ſaying of the winds and weather; 
that is the great diſtance of the tropic, and that 
the wind muſt be a great time in coming to 
us from thence. But this objection will leſ- 
ſen, when the velocity of the wind is confi- 
dered, which in a freſh gale will move above 
a degree in two hours; which will ſoon bring 
it from the tropic to us. And this velocity, 
and a much greater, I proved by a machine, 
I invented and made in the year 1733, to go 
upon wheels by the force of the wind. For I 


have been carried in it, at the rate of more 


than a degree in two hours, when the wind 
. was upon the beam, that is when I could fail 
forwards or backwards upon the ſame tract 
with equal facility; ſo that my motion, in go- 
ing re that wind, muſt have been much 
greater; which 1 then neglected to eſtimate: / 
And now, gentlemen, I fear two things that 


x * faid er and: that I have mid de 
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Intle; for if this letter appears with the fame 
face of truth to you as it does to me, I have 
omitted many things, for fear of being too 
; which I ought to have added; but if 
have written without a foundation in truth; 
I muſt, long before you come to this part of 
my letter, a prolix and impertinent ; 
and therefore it be time to conclude; 
before I do which, I will aifert one thing, 
that is, if any thing in this letter is found 
worth your acceptance, that it is intirely my 
denn; for I have not borrowed a fin gle fiat; x 
no more-I did in my letter concerning the 
cauſe of thunder; for when I wrote. that let- 
ter, which was on the 2oth Sep, 1751, Tdid 
not know that any one had made the leaft 
co that the electrical fite wasthe cauſt 
ef thunder. And Thad told many gentlemen 
in this kingdom, in the beginning of the year 
1751, that I thought I had difcovered the real 
cauſe of thunder. Indeed immediately after 
my tending that letter to you oh the 18th of 
Fane, 1752, I met with ſome accounts in our 
news- papers that iron bars, ſome how or 
other, ſet up during the time of thunder, were 
found to be electrined; but from that time to 
this I know nothing particular of thoſe or any 
other experiments on thunder clouds. Fwait- 
ed the publiſhing of the volume of Philof. 
Tranſactions for the year 1752, to inform 
myſelf of theſe matters; but I don't find that 
it is yet come to our kingdom. As I am 
not a plagiary, ſo I would not willingly be 
thought one ; no — VEE trouble 


ith what I thought you may have bettet 
rom other hands; but as * Sattar of. this 
letter appears new to me, ſo I venture to lay 
it before you, without any other motive Ow. 
to og: FA mite in =_ Fa , truth. 


Tam, 
5 Gru TLEMEN, 
"OL" | Your moſt humble dt, 
_ moſt obedient ſervant, 


Hex. Fxi.es 


11 1 8 enn pon yout patience | 
had almoſt made me Dt to explain ho- 
the windl aſſiſts vapoufs to riſd in greater 
quantities and in leſs time than they would in 
a quiet air. And this omiſſion would not he 
excuſable, becaule both the leartied and uni- 
learned havt bet Vd that 4 greater quantity = 
of vapour is carried off in windy weather, 
than when the weather is calm. When v4- 
pours are united in grrat plenty frotn the fur- en ted 
faces of fluids, ſuch as from a pot it 
ins to boil, or from the urface of a - cl 
of hot punch, &e.” it often happens that th 
crowd each other in ſuch Ws 076 that he 
ſurrounding electrical fluid of each particle is 
compreſſed, and cannot occupy that portion 
ce which is neceſlary to make it buoy up 
the particle; and thus the particles float in a 
ſteam juſt above the ſurface of the liquor, and 
my are * from falling back into the 
F 4 liquor 
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Hb by the electrical fluid on the ſurface of 
the liquor. In which ſtate, none but the up- 
permoſt particles can aſcend; which they do 
by the elaſticity of the elearical fluid forcing 
them upwards, till have room for the 
electrical fluid thorough y to expand itſelf, ſo 
as to be able to buoy up the encloſed particle 
of vapour. In this ſtate the aſſiſtance of the 
wind will be eaſily underſtood; for the wind 
blowing them from the ſu rface, diſſipates 
them and gives them room to aſcend, and 
clears the ſurface to make room for the ſue- 
ceeding vapours to aſcend, and ſo on; which 
in this caſe will greatl aid the aſcent of va- 
pour. And thus far I think the wind 
in the aſcent. of vapour, but no, farther: . 
have mentioned hot liquors only, becauſe 
the ſteam is more viſible in, — not but 
the ſame caſe oſten happens in evaporation, 
where we cannot cally perceive WM orga! 
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The 1 8 to the Second Letter. 


SIR, London, March 6th, 1755: 
Kh AVE deferred my. acknowledi 

8 letter, and two packets Freed 
to —5 ill J had read your papers addreſſed 
to the Royal Society, who return you their 
thanks for them. It would be a further ob- 
ligation on them, if you would favour them 
with the experiments made by eee to 
which you refer 18 he oo rh your 


reaſonings.. 
Your communications will ae be 


| highly acceptable to An; as 25 ve 2 
commands will will be to, 3 


Ak 2 Your, mo & obedient, ad 


To ro Henry bac. . Tross n 
at eee, t Kees hag R. 9 
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of, any of my other Ar tho ee | 
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SIR, " Liſmore, 21ſt March, 155. 
RBCEIVED your obliging favour of 
the 6th Inſt. of which I am highly ſen- 
ſible; apd ſhall always be ee ene to 
your commands. 
_ You do me the honour, to tell woe that 
the Royal Society deſire to know the experi- 
ments, by which I found all aſcending va- 
pours and exhalations to be electriſied. At 
firſt I only ſuppoſed that they muſt beſo, 
accord ing to the reaſoning in my letter; 
but, upon trial, with a very ſample. appari- 
tus, I had the pleaſure to convinee: my 
that they were ſo. 

I extended a fine ſtring of ſilk eight fret | 
horizotitally; and from the middle ſuſpended 
two pieces of ſuch down as grows upon our 
turf-bogs, by two pieces of fine ſilk, about 
twelve inches each in length; and then, by 
rubbiag a piztc of ſealing-wax on my waiſt- 
.coat oyer my Fs fide, I eleQrified the 7 of 
down; and then ſundry — 
things under them, o as ſ0 let the ſmoke 
= in great plenty through and about chem, 

to try whether the clecrieal fluid would run 
off with the ſmoke; but had the pleaſure to 


ſee that the down. was but a little affected 


by the paſſage of the ſmoke, and ſtill re- 

mained electriſied. I then brought ai 

"Rem" fron "the" fpout of 'n _— a 
ettle, 
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kettle,” and otherwiſe in the ſame manner; 


and Rill found the down remained clofrifed. 
I then breathed. on them in great plenty, but | 
ound that the down ſtill remained electri- 
fed. I then joined the palms of my hands 
| together, ich the fingers extended perpen- 
diculazly under the down, which till re- 
mained electrified; although the. ſubtile ef- 
flavia, n 1 T my paſſed in 
great plenty thr e N 
peaf. by holding one ot both the hands 4 
the ſame. manner under any light matter 
floating in the air, which will be driven up- 
5 thereby, with as great velocity, as an 
eleQrified feather is by an electriſied body 
held under it. In ſhort, I tried all the va- 
pour and exhalation I could think of, in the 
ſame: manner, and with the ſame ſuceeſs. 
1 then warmed a wine glaſs, and, with 
the ſkirt of my coat, held inſide and out- 
ſide the glaſs between my fingers and my 
thumb, I rubbed the glaſs brifkly about, and 
_ eleqrifled the down, and found all experi- 
ments anſwer in the ſame manner as they 
did with the wax, I . 
lar, becauſe ſome writers on electricity have 
Gd that there were two kinds of electrical 
N the one reſinous, and the other vitre- 
becauſe light bodies eleftrified by glaſs, 
= "attiacted by electrified wax, & And 
thoſe electriſied by reſins, are attracted; by 
glaſs. But I think theſe diffetent eſſect 
muſt ariſe from ſome. differing qualities in 


the. refin and glaſs, hich have power to 
Aa aQtuate 
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actuate this fire differently. For if there 
were really two diſtinct ſpecies of this fire 
oppoſite in their nature, the afore- mentioned 
experiments would have a "ory different 
conſequence from what appears. For if the 
vapours were impregnated by the. vitreous 
fire, they muſt abſorb, or ſome way diſturb 
the reſinous fire which electrifies the down ; 
and fo, vice verſa; but we find that the 
ſame vapour, with its electric fire, | paſſes 
through the electriſied down in the ſame 
manner, whether it be electrified by glaſs, or 
reſin. But I will not dein you on this 
ſubject. L 

The electricity remaining in the cleQrified 
down after theſc experiments, made it appear 
that the ſmoke and ſteams muſt be either 
electries, or non- electrics electrified. It was 
eaſy to ſappoſe them non- electrics; as they 
ariſe from non- electric bodies; and the more, 
becauſe the higheſt electrics, by a diſcontinu- 
ity and comminution of their parts (long be- 
fore they come to be as minute as the par- 
ticles of aſcending vapours) become non-elec- 
tries, or conductors of electricity. For glaſs, 
reſin, wax, &c. al become nen even 
in fuſion. 

But, to try * an the ' RES Kc. were 
non-· electrics, I only bedewed the wax and 

aſs with my breath, ſteams, &c. from my 

to the end of the wax and: glaſs; and 

then touching the electriſied down with the 


i ee that the 
electrical 


. 5 . 
+ * — 
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electrical fire immediately paſſed from 95 
down into my hand through the fleams, &c. 
which reſted upon the wax and glaſs; which 
I think ſufficiently proves' the ſteams, &c. to 
be non- electric; and 1 think" it as plain!) 
appears, that they are electriſied while af: 
cending, becauſe the electrical fire in the 
down, does not join with them in their 
belt through” it; "which otherwiſe it 
do. wich them * we any o 
not Be e Demir 
I made ſome Ser 22 


ein, ow 


purpoſe, but theſe prinei y perſuaded me 
to ſay that all aſcending nal and echa- 3 


lations were electrifiec; büt how far they” 
will weigh with the Royal Society, T mu 
leave to their better judgment; and 
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15 | clofrified the down after each erpe- 
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* * T T. B K V. | 
8 IR. ä 5 1210 April, 1 25 
1 Wrote to you 2 Tf. March, 1755, with lame 
electrical experiments, and therein men- 

tioned, that ſome writers ere of opinion 3 
there were two kinds of electrical fire, che 
one reſinous, and the other vitreons; becauſe 
light bodies: eleQrified by glaſs are attracted 
by the electrified wax, &c. and thaſe electrifi- 
el ty reſins are attzaQed by glaſs. - But that I 
thought, theſe different eech muſt ariſe from 
ſome differing qualities in the rein and 

ich Ha yg power to actuate this fire 
— 1 ſimce been cuncern- 
ed that F-did not COMMUNICAtE an | 
that I had then, and many times before made, 
the effects of which, and many others 1 have 
ſince made, oma ſeur of which I ſhall menti- 
on, may let us farther into this enquiry, and 
mm a new doctrine of elearicity: - 


ſomething late to trouble you 
oi til dt i” fter the abou rs of ſo many 
poodle: men; but as I think that there are 


but few things which can open a larger field 
for 1 jon to the inquiſitie, than the 
powers of electricity in the operations of na- 
ture; I will venture to lay before you ſome 
diſcoveries which may be. uſeful in inveſtiga- 


rs Ay the powers and uſes of this active prin- | 


1 ſhall alſo boldly venture upon another 


beaten track, I mean magnetiſm, where I 
| 555 


; 
| 
K 


that from ſomething deſultory in the mind, 
ſoon — the ſame 


| 3 action in that ſtate; theſe 
ſtem to be differently excited by waz and. 


tet, the one acting 


Nv ont Gomtho winks av: inward to the wax, 
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think there is ill room for enquiry, tho' num 


| — men, of abilities ſuperior to mine, 


one before me; but as truth is what 
— Da, 1 hall not be aſhamed to lay any 
diſeoveries before you which appear new to 
me; in which if you find nothing uſeful, 1 
you will forgive the _—_ of reading,” 

and diſpoſe of them as you But 
| witl add ay opitiion, + — 5 25 
great obitruction in the way to knowledge, 


gensrally act Hike children in growing too 
y-thing, and always 

ut theſe difficult. i an: long before 
come hg 9 e of tho human under 
wp" (1 A 4 218 eis ien 813 
ee in }elodtiieity-thes diffctent 4 


men; 


tina powers, which in their natural ſtate are 


always conjoined, and ſeem to ewert but little 


call, only for diſtinction fake, the vitroous 
power and che refinous „betauſe they 


glaſs ; not that one is excited withont the 
other, for they are both abways encitec toge- 
| inward tothe electrie and 
the other out from it, as often: as they are for- 
cd to feparate by heat and friction; and this. 
order is tranſpoſed" as often as the poliſhed 
glaſs and wax are rubbed ; that power which 


and that power which acts out from the was: 
en . a ee alſo 
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tranſpoſed as often as you pleaſe by rubbing; 
the ſame piece of glaſs, as I ſhall —5 by ex- 
periment. Or you may electrify the ſame 
matter with which power you chuſe, with- 
out tranſpoſing the powers, while they are 
excited by the wax or glaſs, only by drawing 
off that power which acts inward to, or out- 
ward from the electric. The method of doing 
which I ſhall ſhew preſently by experiment. 
Any two things electrifled by any one of 
theſe powers repel each other; but if you 
electrify two things, one with the one power, 
and the other with the other power, then 
theſe: two things will attract each other; 
which ſhews that theſe powers naturally at- 
tract each other, and are only ſeparated by 
force. This matter being known, it will be 
much eaſier-to- account for the phænemena 
of electrical eee than 5 has been * 
therto. 2 f 
1 — ſend you a number of, com pied 
experiments to prove this d up ex- 
plain the phænomena of — but I 
rather chiiſe to let it go with as plain and evi- 
dent experiments as may de, leſt I ſhould err 
in my manner of expreſſing them, or the ope- 
rators miſtake in the executing of them, and 
that means think me miſtaken in what 1 
aſſert ; as L well know how difficult it is, to 
make gentlemen recede from the opinions they 
have held and ene even by the cleareſt 
trath s moi 200 HW wog Ten be 
Before I mention any clerical experiments 


Till ſay idmething of magnetiſm; as there 
are 


[4], x 


beds 443+ >; 


are ſome things in the powers of magneti 
mighty 5 Figs thoſe by e 17 
not by any means think them the ſame. | 
Magnetiſm conſiſts of two different diftin&t 
powers, which in their natural ſtate are con- 
joined and exert but very little ſenſible action, 
and Rrongly attract each other at all times,; 
but when ſeparated by force, they act ſimilar 
do thoſe of elearicity ; for when magnetiſm 
is excited i in two different pieces of iron by 
the ſouth þ le, thoſe ends repel each other 
the ſame thing follows when they ate Excite: 
by the north pole; (for ſo theſe different poW. 
ers have been called from their yerticity ;) | 
but if one piece be excited by the north pole, 
and another by the ſouth poſe, f en they at- 
track each other, as in electricity...” = 
Both magnetiſm. and electricity act throngelt 55 
at corners, edges and points, they have t eir 
repulſive and attractive wers at certain dil- 
tances; the electrifted b is. 48 mach. a at- 
tracted by the bod Which is Kae elefrified 
as the latter? 1s 4 5 former; the ma net is | 
alio as mach SY by the LS n, a8 ie iron 
is attracted by the — But here, I'muſ 
remark that the magnet attracts and, is 5 
ed according to the « quanfity of i Iron 5 he 5 | 
trated, +: not N to the ſtrength o 
the magnet. For one ounce, of ad Lat, . 8 
end of a ſmall bit of iron, will pull it Of 17 5 
magnet, which will ſuſpend a poun 1 
4 the end of, a piece of. Iron weighing 115 or. 
five ounces 3 ;” tho” the ends of KAY pieces o 


iron, which are to come in contact Wich the 
G | mage 


* 
3 


. 3 
magnet, be ſhaped alike ; the cauſe of which 
I ſhall endeavourto explain. Thus has ſome- 
thing ſimilar to the athon of gravity. 
Both powers of magnetiſm and Oy 
are excited and ſeparated by friction ; which 
isa very Ba effect if duly conſidered 
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laſs, for many hours in a dry air and warm 
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permanent for many hours; and therefore I 
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page 289, 1 — frequently given a pola- 
rity LEY He veyerſeſd it at-pleaſure-by 
Ev Which I belie ye is rue; 


bot hy he does not ſeem to know. that the: elec+ 
tric fire, In thus caſe, does nomgre than any 
0 1 55 as. fl e 


iron 0 e — — — | 

HY 5 l ural quantity, but bp 

he con „ | 
x manera Wagen 


uired a 7 = polarity the un- : 
9 — upper 1 


tion, en manner A 15 
5 were reverſed upon rever ——ç 9 bar. 
has alſo e how to change the pale 
waar V fire, and likewiſe ho too 
* a har f tte: of its fixed magnetiſm, by: 
« comirryowching ; which, Mr. Canton n 


to a bas 6 Scliqti 5 
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How'it acts in its natural ftate; and therefore 
I ſhall add this rule; That all bars of iron, 
which have bot a fixed or unchan geable po- 
larity, acquire their ſtrongeſt polarity while 
held ot mp gr to the dipping needle; and that 

arity leſſens by degrees, as they recline 
from that poſition, (whether in or out of the 

tie meridian) till they come to be per- 
pendicular to the dipping needle; in which 
poſition the —— does not ſeem to act. 
And this may be proved, by touching a fine 
ſewing needle Fine the magnet, and floating 
it upon a glaſs full of very clean water: for, 
upon bringing an iron bar in the above poſi- 
tion, the — end of the needle will be re- 
pelled by the under end of the bar, and at- 
tracted by the upper end of the bar; and ſo, 
vier verſh, of the 'fouth end of the needle. 
And, as yon tecline the iron bar from being 
parallel to Lehe dipping needle, you'll find the 
polatity leſſer hy degrees, till it enraged 
rs eaves to the dipping need! and 
then all ſigns of polarity vaniſh.” "What 1 
have now xo will alfo ſerve for a rule for 
fixing a a pol: arity in bars of iron, or ſteel, by. 
fire; for if they ate heated red hot, and cool- 
ed in any of the above poſitions,” they will 
have their p. polarity fixed according to the po- 
ſttion; the ſtrongeſt, While p: 
dipping needle, and fo leſſen hy deg 
their poſition becomes perpendicular to the 
dipping needle, and then they will not have 


| ally y fixed Jari 15 this rule holds in- 
1 51 - © variable, 
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variable, provided that the iron and ſteeł be 

- equally heated, and equally cooled, Whether 
in the air or in water. But I have found, 
upon cooling in water, that when the under 
end of the bar was exceedingly hotter than 
the upper, and that the upper end :cooled 
firſt, that it ſometimes became the north 
pore but. this very ſeldom happened. After 
eating bars of ſteel very hot, and plunging 


them into cold water in a poſition parallel 8 ö 
the dipping needle, I have found that they 
had not only acquired a ſtrong fixed verti- 
city, but alſo an attractive power. 
I I ſhall now ſay ſomething of communicats 
ing this power. Firſt, that large ſurfaces ea- 
ſily communicate it to ſmall ones (but not 
vice verſa) and that in a+ much greater de- 

gree than any they exert. themſelves :; For, 
take a large bar of iron, or ſteel, which 
is better, which has not a fixed verticity; 
and hold it parallel. to che dipping needle; 


then take ſmall bars of ſteel, about three 
inches long, a quarter broad, and one ſix- 
teenth thick, and touch them to the ends of 
the large bar, as you would to any magnet, 
by. di awing them from the middle of the 
ſmall bar over the ends both of the: ſmall 
each ſide of the ſmall bar, and you Il find the 
ſmill bar endued with a ſtrong fixed vertici- 
ty and attractive potver, much greater than 
wlaat the large bar exerts in any poſition; 
and ; changed. into a real magnet. And thus, 
ty touching a number of the ſmall bars, and 


. 

proceeding in Mr. Cantons method, the mag- 
netic virtue may be raiſed to as great a 
degree as the metal can receive. For here I 
muſt obſerve that a piece of ſteel well harden- 
ed may be made to take up thirty times the 
weight that it will do when ee foft, tho 

ou touch it with the ſame magnetic bars 
in each ſtate: And this method comes near- 
er to what Mr. Canton propoſed. vis. to make 
artificial magnets without the help of natural 
ones. But neither will do that; for his po- 
ker and tongs are natural magnets and have 
their verticity fixed by being heated and then 
cooled in a vertical nofition; and the iron or 
ſteel bar, tho without a fixt verticity, yet 
while it remains in that poſition exerts a ver- 
tioity, and is able to communicate a fixed ver- 
ticity tothe ſmall bar, and is therefore for the 
time a natural magnet. Nor is there any iron 
bar, from the largeſt to a ſiæ- penny nail, but 
what will exert this power according to the 
afore- mentioned rules; nor can they be diveſt- 
ed of it. But how this power is raiſed to de 
grees exceedingly above that whieh gave it, 
and communicated to any quantity of feel we 
pleaſe in the fame or greater degrees, has been 
matter of wonder and ſurpriſe; nor has it 
deen more eaſy ſto account for its being fo 
quickly withdrawn from a magnetic bat. by 
a friction oontrary to that which gave it. 

But I ſhall now endeavour to explain this 
matter. The r powers in the large 
ſteel: bar, while it is held parallel to the dip-- 


ping needle, are * upon by that foreig 
A | 2 


Pe. 


* 


1 © 
power” which ditects all Al, one 
them being attracted to it, and the 1 re- 
pelled from it, as ma appear by the bars ex 

erting a verticit 1. in t 5 poſition ; and If. the. 
bar continues for a 1 87 length of time in 
this poſitigu, this Aten produces a fixed vet 
ticity in the bar by ſeparating its powers. And: 
while thefe powers are any way ſeparated i in 
the large bat, if a very ſmall bar, be drawn over 
the end of the large bar, then that powerpredo- 
minating at the end of the large bar, attraQs 
one of the powers of the ſmall bar to that end, 
which was in conjunction with the large bar, 
and conſequently forces the other power to the, 
other end of the ſmall bar, and by a frequent. 
repetition of this operation the powers in the 
ſmall bar are inticely ſeparated, and a fixed. 

verticity produced. Now When a number of 
theſe ſmall bars have the powers thus ſepata· 
ted, they may be joined in Mr. C ntor!'s me- 
thod to ſe} alle be powers in a larger bar, 
whoſe ſurface ſhould not exceed the ſurfaces 
of all the ſmall bars taken together; and thus 
you may proceed to ſeparate the powers in 
what quantity of ſteel you pleaſe. How they. 
may be 1 5 conjoined | in their natural ſtate, 
1 Ms Wie fs . Why the large piece 
of iron is more : attracted by a m iet Than the 
ſmall 11 er in from there! 


W = 


| fi at, 7 5 12 ays Le, 0 in any. 
piete of iron while in wet 44 LH the m 

nüt, and that chey remain fo for ſome little | 

G 4 time 
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time after the magnet is withdrawn, which 
duration is in proportion tothe ſize and ſtrength 
of the magnet and the quantity of iron; but 
this would make me run into an unneceſlary 
prolixity, becauſe every experiment-maker 
may obſerve it. And indeed I would trouble. 
you. with no more of this kind thin is abſo- 
lutely neceſſary; but upon recolleQion that I 
have lately read a treatiſe upon attraction and 
repulſion by a member of the ſociety, before 
whom it is poſſible you may lay. this letter, 
_ whoſe principal deſign is more particularly to 
explain the phenomena of magnetiſm, I muſt 
beg leave to obſerve upon what he has ſaid ; 
becauſe it differs very much from what I think, 
and what I have now ſaid of it. | 
"This learned gentlemanſays that magnetiſm 
is a continued ſtreamof repellent fluid, circula- 
ting through the axis of the magnet, by enter 
ing at one end and going out at the other, and 
returning over the ſurface to enter again and 
continue the circulation. To prove this and 
make it evident to our ſenſe, he brings an ex- 
periment with the filings of ſteel ſprinkled 
on a ſheet of paper, and laid over the magnet 
toſhew, by the figure in which they are rang- 
cd, the direction of the magnetic ſtream ; and 
to make this more evident, he chuſes to make . 
uʒſe of ſteel bars made magnetical, becauſe. 
magnetiſm is found more regular in them than 


in the natural magnet. This experiment is 


very eaſi ly made by ſifting ſome ſteel filings, 
through a paper pricked Fo a pin, very thin 
Nee laid 1 magne 
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tio bar, and putting the per gently y round 
the edges with the end of a quill, the filings 
are immediately ranged j in order by the”; Ye” 
netic. powers. But this order will never thew 
that they were thrown into it, by a ſtream of 
repellent matter, circulating through the axis 
of the magnet, from north to ſouth, and back 


again over the ſurface from ſouth to north ;. 


nor is there any wing, in this order ſimilar to 
what this gentleman has deſcribed and deli 
neated in his printed book. Therefore as 
the exiſtence of ſuch a ſtream is not proyed 
by this experiment, T ſhall not meddle with 
this gentleman's abſtruſe 1 105 about it. 
But as this experiment will help to explain 
what I have ſaid about the magnetic powers, 
I ſhall mention the order in which the filings 
are ranged by a ſingle magnet, and in ſome 
other complicated caſes when more magnets 
are uſed. . And if I ſhould fail in deten ig 
the experiment will make it explicit. I have 
ſaid before that the magnetic powers are ſe- 0 
parated in every bar rendered magnetical, and 
conſequently muſt be drawn toward the ex- 
tremities of that bar; the point of greateſt 
power in either end of 5 bar is caſily diſco- 
verable by fuſpending a very. fine needle, 
touched 2 that fend of thi the bar, and brin ging 
it over the axis of. "th e bat, it "will be drawn 
to that point; Which is near a ſemidiameter 
of the bar, within the end o of the bar; this | 
power * extends, in the axis of the bar, to 
| Karſt of th e bar, Ee By cu 
Vet 


ee Power in 1 


5 


5: WH 
ſomething like an egg, but longer and ajjered 
toward the end next to the middle of the bar, 
with its rays thrown out every way perpendi- 
cular to its ſurface; this will nearly deſcribe 
the order in which the ſteel filings are always 
ranged i in this experiment ; with this excep- 
tion, that where the rays from the inward 
ends of the different powers ſhould croſs each 
other near the middle of the bar, they are 


portion to dir” 1 i the bar, as 
the angles in which they ſhould have croſſed, 
are lefs obtuſe. Theſe lines may make an 
haſty obſerver, think that there is a kind of 
circulation about the middle of the bar, and 
he may be more confirmed in that opinion b 

the ſuſpended needle, I juſt now mentione 

which will be thrown off from one ſide of the 
bar and drawn round to the other, in the di- 
rection of theſe lines; but let another needle 
be touched by a different end of the bar, and 
' ſuſpended in like manner, it will be carried 
back over the ſame lines in a direction con- 
trary to the firſt: Now if theſe needles are 
carried by the force of a circulating fluid, there 
" rhuſt be two fluids circulating in direct o 7 5 

ſition to cach other; and ir is very difficult 
to conceive how theſe be cath bp fr keep. 
the ſame different courſes, without ever being 


= the 904 ng: in oppo 


two magiietic bats, parallek to each. 
* pA about t 0 W afttider, the 


n 


forth pole of one * ine Guth ole of the 
other, at cath end, and lift the filings on the = 
r over them, and 12 wy 4 ew Tet of 
8 odiiced,” that the 
fluid circulates ini the 1 5 1 which the fil- 
ings are ranged; for here you have curyed 
lines wherever the attracting rays ſhauld 
have croſſed eachother, both at the ends und 
about the middles, as in the former experi- 
ment, and from fide to fide reverſed to thols = 
in the middle. But not to trouble you with 
4 number of experiments which are eafier 
made than deſcribed, I ſhall only fay in gene- 
ne; that place en bars in Wide oo goin 
s you pleaſe, the filings will alwa 
75 en ae according to the attraction 
or pölſen of the powers in the bars, and 
that in ſuch ſhapes, as no ways indicate 2 
circulation of the magnetic power ttiroughthe 
axis of the bar, and back again over the ſut- 


face. Nor can I think there is any circulation 

between theſe different powers ; for if thete 
was, they muſt mix by their Mee maar attraQi- 
on, and then magnetiſm would ſeem to ceaſe, 
as it does When theſe powers are drawn toe 
ther by rubbing them with other magnets in 
an order contrary to that which firft ſeparated 
theſe powers in the bar. And to ſhew. that 
E. wers are really ſeparated itt eyery 

bar, 4 à touched. ticedle i 

45 ye and potrit, ſo that it may batig paral. 
lel 5 the b hi on the table, RO 5 
| 1 the 180 N NE of 
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needle attracted to the ſouth endof the bar quite 
* und, and the ſouth end of the needle thrown 
every way in the direction of the rays which 

I have deſcribed ;. then bring the ſouth end 
of the needle to the north end of the bar, and 
it ſhall be attracted quite round, and the north 
end of the needle thrown off in the direction 
of the rays. When the repelling ends of two 
2 etic bars are laid together, the needle 
will be carried round them and over the mid- 
dle of the bars in the ſame order it is carried 
round one end of the bar. If you place two 
bars in a line with the north end of one to the 


ſouth end of the other, ſeparated to one third 


of the length of the bar (to which diſtance the 
powers ſeem. to be ſeparated in moſt bars) and 
then ſift the filings over them, you will find 
them ranged between the bars, in the ſame 
manner they are ranged about the middle of 
each bar. Which ſhews that theſe powers, 
ſeparated to the ſame diſtance in the ends of 
two bars, at much in the ſame manger as 
when ſeparated ; in the ſame bar; except that 
they are weaker in their ends approaching the 
riddle of the bar, as I have obſerved be- 
ore. | 

could peſter you with experiments wth 
file duſt, Rnd needles, &c. but as mag- 
netic bars are ſo common, I ſhall leave every 
gentleman to make experiments for himſelf, 
which will in the end (as far as I know) evince 
15 7225 tes what I have pax Ker 1 55 

y growing too prolix, Which wi 
may other faults, I. —_ beg yon will en- 


ba. cuſe, 
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cuſe, as 1 as the ah, of p proper deference 
and reſpec, due to you and the ſociety, in 
my manner of ortin for if I conceived: I 
was in- preſence of ſo \ Ole A body of ets 
I ſhould be cafily deterred from N 
ſpeaking; but the ae Jam now ay- 
ing before you are my own, and appear to me, 
by a cant experiments, to be founded in 
truth; and i no one elſe has hit upon the 
ſame things, theymay be worth the acceptance. 
as they tend to explain the phenomena. 9 
electricity and magnetiſm; and furniſha NEW 
docttine of both; which if you Late 7 
called Eeles's new doctrine of e city and 
magnetiſm ; not that Iintend tg.includein;this 
letter all that I know. of; theſe powers, for it 
may appear abſurd to ſpeak peak of their different 
actions according to theirdifferent citeumſtan- 
Ses, ot of, their uſes in nature, before it js alt 
that there are ſuch different pewers 
now mention my. lectrical experi 
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an 
fied, whether 5 or little; but if one 15 
much more ele ctrified than the 0 8 
that which was leaſt” eledrified loſes all ' 15 
| eleQricity after contact, "and the two remain 
electriſiec with the excefs of electricity of 
that which was moſt” elecltified, which will 
appear from their being repelled by the wax 
or glaſs, which ever was — with the Ee 
* was moſt electrifled. e 
This ex eriment and EY RY led me 
to think that there myſt be two different 
powers in electricity, and that they muſt. he 
| 3 excited. by the wax and glafs; ac- 
cordingl Wo obſerved, "that while 05 of 
Sn ch as Iuſed, Was electrify in by Va 
or plats. that ſome of Its fibres 5 = At 
bob. ph from the elearle, while Sera © 
as ſtrongly attracted toit; this made me think 
that the powers may be here Mt ed; and 
that if I could dra off one 1785 * 
may remain electrified with the other; 
kept m 5 int coHtact with the 155 ard 
fibres; condor'two; and then; lucked 
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which was taper, ſo that the down, 
contact with | ſides o the glaſs; an TI 8 15 
it had remained there for a ſecond or two, 1 
plucked the glaſs rpendicularly. down {1 
it, that it might nꝗt touch the mouth of 
elaſs, and found that the down wag t 
with the reſinous power. This I th 
put the matter out « of doubt. I then eled 7, 

fied the two pigces of don with, the lame 
glaſs; but one of them in the common way, 
with the vitrequs power 5 acted out from. 
the glaſs, and the other by the reſinous power . 
which aQed inward to the glaſs, by apphying 
my finger as afore- mentioned, and ound that 
they attracted each other in the og manner, 
which they did when electriſed by the wax, 
and [glaſs Z of: LD Es the Keane 
city vaniſhed, provided they were equ 
electrifed; but "if. one was more cledrified 
than the ether, then they both remained elec 
trifled with the exceſs of electricity in that 
which was moſt electrificd; as may appRAf. 
by their bei both either attradted or repel», 
led hy the g 1 55 this I can always onder 
as J. pleaſe. in, the N pet Lade 
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fame experiment: 7292 5 10 and 

eſſects were the ſ Sn e lte fe 25 e, 
185 of, pak ove tk s API 
of linen, oli twelve inches 2 
found that it couia pot be „ the. 
vitreous. power. by the, glaſs, nor with fhe rer 
1ngps, power, 9 be reason. 18. 
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than there was of that power which adted 
outward in the thread. But reverſe this ex- 
periment by letting a piece of linen thread 
hang from one of the pieces of down which is 
ſuſpended by filk, and then touch the end of 
the thread with the glaſs or wax, and the 
down is immediately electrified; becauſe 
there is a great deal more of the power, which 
acts out ward to the down and thread, than 
there is of the power, which acts inward, in 
that part of the thread which is in contact with 
or near the glaſs. Sono Fro oh 
— Theſe experiments and many others made 
me think it may be poſſible to make glaſs, by 
altering its 75 5 tranſpoſe theſe powers in 
the ſame manner that wax does. In order to 
which I took ſome coarſe emery, and obſcured 
one fide of a pane ſaſn glaſs, which, when fi- 
niſhed, I excited by rubbing that fide of the 
glaſs, and found the powers tranſpoſed at 
both ſides of the glaſs, in the ſame order as 
they are by excited wax; the reſinous power 
outward and the vitreous power inward. 
And they are again tranſpoſed into the diffe- 
rent order at both ſides of the glaſs, when 
you rub the ſmooth fide of the glaſs; and fo, 
vice.verſa, as often as you tub the different 
ſides of the plaſs. Which may be ſeen by 
rubbing the ſmooth fide of the glaſs and elec- 
trifying a piece of down, which will be repel- 
led by eithet fide of the glaſs ; then rub the 
obſcure ſide of the glaſs, and the down will 
be attracted by either fide of the glaſs; rub 
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the ſmooth ſide again, and the down will again 
be repelled by both ſides of the glaſs; and ſo on, 

attraded and repelled as often as you rub 
the different ſides of the glaſs, and three or 

four rubs at a ſide are ſufficient to tranſpoſ 
theſe powers. Or if you rub one half of the 
breadth of the glaſs at one ſide, and the othor 
half at the other ſide, the piece of down 
ſhall be attracted at each ſide of one half of 
the glaſs, and repelled by each ſide of the 
other half of the glaſs. In theſe attracti- 
ons and repulſions the down muſt not be ſuf- 
fered to touch the glaſs. But if it ſhould 
touch one half, and be eleQtrified and repeb- 
led, then the other half will attract itt. 
When the obſcure ſide of the glaſs is ruh- 
bed, let two pieces of down hang near each 
other, and bring the glaſs under them, they 
will both be ſtrongly attracted to the glaſa, hut 
ſome of their fibres extended from it; draw 
off one of them in ſuch manner that it may 

toueh the upper fibres of the other in goin 
off, and immediately after draw the laſs 

from the other, and you will find theſe 
pieces of -down electrified with the different 
powers; that which was firſt taken away'by 
the power acting out ward, and the other b 
the power acting inward. Note, in this e 
periment the down muſt not toueh the glaſs, 
iit be within half an inch, it is ſufficient is 
and the fame in other experiments here ehe 
outward power is to be drawn off by the 
finger or other non- electric. Sometimes hn 
the down is very much attracted to and re- 
555 pelled 
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pelled from the glaſs, in its different fibres, 
if you withdraw the glaſs ſuddenly, there will 
not be the leaſt appearance of electricity in 
the down; _ becauſe the outward fibres were 
glecrified 'by the power acting outward, and 
the inward fibres by the power acting inward, 
and theſe powers joining by their natural at- 
traction after removing the glaſs, they are in 
their natural conjoined ſtate, in which 1 
exert but little ſenſible action. 

But if any one doubts whether theſe pow- 
ers are really ſeparated in the down, while it 
Nands thus attracted to, and repelled from 
the glaſs; let him bring a piece of excited 
wax yh the repelled fibres, and they ſhall be 
attracted to it, and it will repel the fibres 
which are attracted to the glaſs; or let him 
bring another excited glaſs, and the upper or 
repelled fibres ſhall be repelled by it, and the 
lower fibres attracted to it. 

The ſame effects will appear, in a contrary 
order, when the down ſtands ſo excited upon 
a piece of wax. 

I may now appear tedious, but J have ta- 
ken ſome pains to reduce my letter to theſe 
ſimple experiments to prevent objections to it; 
and I believe that I need not inform you 
that theſe diſcoveries were not made merely 
by the touch of a finger as I have deſcribed ; 
for inventions coſt the inventors much more 
trouble, than can eaſily be believed by thoſe 
not uſed to invention, and who ran ſee the 
| — ben done. 48 
2 I could 
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could now enter upon a number of com- 
plicated experiments, to ſhew how the natu- 
ral quantity of electricity, in all bodies, muſt 
be acted upon to admit the adventitious, and 
various other things, relative to the compli- 
cation of theſe powers. And alſo in magne- 
tiſm, particularly to ſhew how the file-duſt 
may be diſpoſed in curve lines without any 
circulation between the magnetic 
but I ſhall reſerve thefe matters for ome we fu 
tyre amuſement. 

About two or three years ago [wrote {ot 
thing to ſhew the cauſe of the refraction, &. 
of light, according to my promiſe to the o- 
ciety, to which I had added fome anſwers to 
Sir Iſaac Newton's queries; but upon meet- 
01 an advertiſement in the forty-ſeventh 
vol. of Philoſ. Tranſactions, that every man 
was left to his own credit, for the ſupport of 
His opinions publiſhed 1 in the Philoſ. Tranſac- 
tions; and my opinion in that tract being 
cont radi Qory to ſeveral great men, 'who wrote 
on that ſubject, J rather choſe to throw them 
by, than dicdute about them; not that I 
think them infienificant, but T believe my cre- 
dit very infufficient to bear me through ſuch 
an oppoſition.” 1 alſo wrote ſomething to ex. 
plain the cauſe of the Aurora Borealit, and 
other things, which I may ſometinie or othier 
communicate for your amuſement. "Tandy, * 

| þ 'F 4 8 1 N. 4 ee 
dit; e Vour mot wüste Ad SITE 
. n W410 ae moſt obedietitderyant,” 
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Let I may be ſuſpected of boaſting of a 
2 knowledge in electricity than I really 
have, and that I would impoſe a new doc- 
trine from a few ſimple experiments ; I ſhall 
ſet down a few of many hints, to which I 
am prepared to ſpeak, and alſo a few of ma- 
ny more complicated experiments which I 
have made. | 
Heat is as neceſſary as friction to excite the 
electrical powers to action. The electric 
powers muſt he ſeparated in the body to be 
electrified, as well as on the electric. This 
Will explain the action and power of points in 
electrical experiments; they do not act be- 
yond the electric atmoſphere. The elec- 
tric atmoſphere of the clouds is nothing 
ſimilar to what has been ſuppoſed. The 
electricity found in the air, only adheres 
to the vapours floating therein. Points 
of no great uſe in drawing off electricity 
from the clouds in time of thunder; that 
being generally diſcharged by an exchange of 

wers from cloud to cloud, &c. ſometimes 
from the cloud to the earth, through the firſt 
conductor. The myſteries of Mr. Muſchen- 
broeck's bottle caſily explained by the ſepara- 
tion of the electric powers, and by their ac- 
fon when ſeparated. Theſe powers act free- 

y through thin glaſs; and where their paſ- 
ſage through it is prevented, it is by one of 
the ſeparated powers, and not by the glaſs. 
All the complicated phænomena in different 
matters hanging on, or applied to the ſame 
cbndtrctor, may be explained by the action _ 
1 | 5 the 
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the natural quantity of electricity in the cone, 
ductor, according to the application of the 
adventitious. Mr. Prank/in's ſuppaſition, or 
rather aſſertion, that the electticity which 
paſſes from the inſide of the electrified bottle 
to the outſide, during the exploſion, is lodg- 
ed in the body of the glaſs, is quite wrong; 
for that electricity is not even in contact 

with the glaſs, while the bottle is charged; 
but on the contrary, a conſiderable part of the 
non: electric, which is in contact with the in- 
fide of the glaſs, is electrified by the oppoſite 
power of eleQricity. _ „ 
It may appear invidious in me to object ig 

any opinion of this ingenious gentleman, be- 
cauſe we both happened to Write hypotheſes 
to explain the cauſe of thunder; which opi- 
nions are now in the hands of the pyblic, and 
muſt ſtand or fall by the judgment of the 
ingenious inquiſitive. I never ; ho of Mr. 
Franklin's name till ſome time after my laſt 
letter to you; I lately got and read his works, 
and if 1 wrote in a vindictive ſpirit, I could 
eafily ſhew that his means of electrifying the 
clouds, his manner of bringing them into a= 
on to produce thunder, and his propoſed me- 
thod of drawing the electricity from the clouds 
by pointed iron, are all wrong, Fut'T 
think the world obliged to this gentleman, - 
and many others' who have taken ſo much 
pains to inveſtigate the nature of this ſyb- 
tile power. But as there is ſtill great room 

| De 5 FRN 
for enquiry, neither Mr, Franklin, or any in- 
genuous gentleman, ought to take it ill, that 

. enen their 
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their errors are diſcovered ; becauſe authoriſ- 
ed errors are the greateſt bar to knowledge; 
witneſs the great deference paid to many of 
. Ariſtotle's abſurdities to this day; nor ought 
any gentleman to think of impoſing on him- 
ſelf or others, for the vanity of ſupporting an 
opinion. And I ſolemnly declare, that if 
any of my opinions fall under a juſt cenſure, 
I ſhall be much obliged to him who ſets me 
right. I have ſaid ſo much, becauſe I think 
that what Mr. Franklin has produced in the 
49th vol. of Philoſ. Tranſactions, page 300, 
as principles, will be found ſo far from being 
principles, that they are not ſtrictly true. 
His firſt principle, that electric atmoſpheres 
repel each other, is ſo far true, that electric 
atmoſpheres of the ſame denomination repel 
each other ; - but when they are of different 
denominations, they then attract each other. 
His ſecond principle is in part true, and 
may be explained by the ſame means; for if 
one body is more highly electrifled than ano- 
ther body is by the ſame power, when the 
firſt approaches the ſecond, the exterior elec- 
tricity of the firſt repels the exterior electri- 
city of the ſecond, but, per contra, attracts 
the interior electricity of the ſecond ; which, 
if duly conſidered, will explain the effects of 
Mr. Fran#lin's experiments. 
As to his third principle, that bodies elec- 
trified negatively repel each other, it is erro- 
neous ; for no body can be electriſied nega- 
tively, as may appear from what I have d 
. 21 in 
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in my letter, and ſhall ſay preſently ; for the; 
power greateſt in quantity always acts out- 
ward, and the body is electrified by that 
power. 
Nobody will appear to * electrified il 
the electric powers are equal in or on that 
body; but it there be a greater quantity of 
one power than there is of the other power, 
then ſhall the greateſt quantity act outward 
from that body, and the body will be electri- 
fied with that power, and repel another body 
electriſied in the ſame manner by the ſame 
power; but it the ſecond body be electrified 
by the other power, then ſhall they attract 
each other, and, after contact, all ſigns of 
electricity vaniſn, if they were equally elec- 
trified ; but if not, both will remain eleQri- 
fied with the exceſs of electricity of that body, 
which was moſt electrified. All this appears 
in my firſt electrical experiment; but as the 
explanation of all electrical experiments de- 
pends upon rightly underſtanding this propo- 
Ution, that there are two different powers in 
electricity, and that they act in this manner, 
J would willingly be fully underſtood. 
The ſame conductor may be firſt electriſi- 
ed by either of the electric powers, by an ex- 
cited glaſs; and then by the other power, 
without altering any circumſtance in the con- 
ductor or glaſs, but merely by the manner of 
. the. glaſs to the conductor. The 
e piece of down may be electriſied by an 
reite glaſs, 10 as to be attracted and repel- 
as times, as you think Proper by the 
H 4 2 
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glufs, without any freſh rubbing of the glaſs, 
or any other additional matter touching the 
down. The fame conduQor may be electri- 
ned with either or both the different | 
in ſucceſſion by the excited glaſs, while in con- 
tact with the conductor, and all figns of electri- 

City be withdrawn with the glaſs, without any 
other matter touching the as or conductor. 
Two ſmall conductors, with a piece of down 
hanging on each conductor, may be ſo ſuſ- 
pended, that with one touch of an excited 
glaſs, one conductor ſhall be electrified with 
the vitreous power, and the other conductor 
with the reſinous power, and yet both pieces 
of down ſhall be electrified with one and the 
ſame power ; and upon withdrawing the glaſs, 
all figns of electricity i in the pieces of down, 
and in the conductors, ſhall difappear ; or by 
the manner of withdrawing the olaſs, you 
may leave both conductors and both pieces 
of down electrified with one and the ſame 

ver. | 

A ſmall conductor, with a piece of down 
hanging from it by a linen thread, may be 
_ elerified through the down by one fide of a 
pane of ſaſh glaſs, which is excited by rub- 
bing the other fide of the glaſs; and yet by 
continuing to rub the ſame ſide of the glaſs, 
all the electricity may be drawn back again 
through the glaſs From the conductor; and 
farther yet by continuing to rub the fame | 
fide of the glaſs in the ſame manner, the 
down and conductor may be electrified 7 
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the power which is different from that which 
electrified them at firſt. 

I could eaſily tire you with a recifal of ex- 

riments to evince the truth of what I have 
ſaid; but much more ſo, were I to expe ate 
on the uſe of this combination of 
the reflection and refraction of lig it, in the 
econdary attraQion and repulſion in reſpira- 
tion and perſpiration, in cvaporation and. ex- 
halatidn, in ſenſation, in vegetation, &c. but 
even the catalogue is too prolix to repeat, and 
lays open a train of enquiry too extenſive for 
my abilities, or inclinations to purſue; for to 
— truth, I have been more addicted to the 
purfuit of what the world calls pleaſures, 
than to philoſophical reſearches ; however if 
what I write is any manner of entertainment 
to the Royal Society, or to you, I ſhall do my- 
ſelf the honour, at times, to continue a cor- 
reſpondence. 


To the Reverend Thomas 
Birch, Secretary to the 
Royal Society.. 


*,* This letter was fent, ane the 0 
of l. 757. | 1 55 75 
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1 Liſmore, 14th Jan. 1758. 
VWROT E to you on the gth of Auguſt 
1 laſt, with a new doctrine of electricity and 
magnetiſm, but as I have not been favoured 
with. an anſwer, I ſuppoſe that I have not 
made my doctrine intelligible; and indeed 1 
am conſcious, from the ſcattered manner in 
which 1 have delivered my thoughts, and from 
not taking my experiments from the appara- 
tus which is commonly uſed, that method, 
and a great deal more, is wanting to explain 
thoſe ſubjects fully. As to the want of me- 
thod, I am only guilty of a general neglect ; 
for I think that no one has yet attempted to 
give a theory from facts to explain the firſt ac- 
tion by which electricity is made ſenſible to 
us; I mean the attracting and then repelling 
any light matter, which is placed within the 
ſphere of activity. of the excited electric. If 
this method had been thought of, it would 
have led on to a more eaſy explanation of the 
effects of more complicated experiments. But 
I obſerve that a great deal of embarraſsment 
has ariſen from the adopting a few terms, 
which are unintelligible ; ſuch as bodies being 
electrified negatively, and that glaſs throws 
out the electric fire, and that ſulphur and re- 
ſins drink it in; for how is it poſſible to con- 
cC.cive 
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ceive that two bodies ſhall repel each othes 
the ftronger, the more the repelling power is 
taken from them? or how can 'we ſuppoſe 
that glaſs, 1s always throwing out the electric 
power, and ſulphur always drinking it in, 
without one being ever full or the 1 | 
I think the adopting theſe terms has occaſi- 
oned the loſs of 2 great deal of refined reaſon- 
ing; but that I may not ſpeak too preſump- 
tnouſly, I ſhall proceed to deliver, in pry; 
what I haye to ſay of electricity. 

Electricity confifts of two different diſtin 
powers, which always ſtrongly attract, and 
condenſe, each other, and therefore when 
they are in equilibrio, they exert but little ſen- 
ſible action; but when the equilibrium is de- 
ſtroyed by a diminution of one, and the en- 
creaſe of the other, then the encreaſed pow- 
er has a power of expanſion, in proportion 
1 the ſubtraction of the other attracting pow- 

5 OO means it forms itſelf into what - 
we call an electric atmoſphere ; which atmoſ- 
[ex will repel any other atmoſphere raiſed 

rom the ſame power, but attract any atmoſ- 
phere raiſed from the other power of electri- 
city. Theſe atmoſpheres are always formed 
with an increment. of rarity, as they recede 
from the leſſened attractive power, which 
leſſened power always acts inward to the 
body which is eledrified. - Theſe powers 1 
have before called, only for diſtinction ſake, 
the vitreous and the reſinous rs. Theſe 
powers are ſtrongly attrade by all matter, 
and dre avays found adheſive” to all mat⸗ 
511 ter, 
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ter, pretty near in proportion to the ſpe- 
cific gravity of the matter, as far as I 
have-been able to judge. Nor is it caly; 
to ſubtract any part of either of theſe pow 

ers from any part of matter, without adding 
an equal portion of the other power, which 
addition it will retain, until it is ſupplied 
with an equal quantity of the power firſt ſub- 
tracted. So that when a 1 is taken from 
the conductor, or any . e by ex- 
cited glaſs, there is as much of the refinous 
power paſſes from the finger 1 into the conduc- 
tor, as there is of the vitreous paſſing from 


the conductor into the finger; but of this in 


the experiments. I hinted in my letter that 
the electric powers muſt be ſeparated in the 
body to be electriſied, as well as on the excited 
electric. That they are ſo, even before they 
make any exchange of power with the elec- 
trified body, will appear by bringing any bo- 
dy, without points and ſuſpended by electrics, 
into the atmoſphere of the e but not 
ſo near as to ſnap, ſuppoſe within two or 
three inches, you will find the end next the 
— electriſied with the reſinous pow- 
and the end fartheſt from it electrified 
wich the vitreous power ; which may be tri- 
ed by ſuſpending a piece of down by ſilk, and 
touching the down to one end, it will be 
elerified with the vitreous power, and will 
be 3 by the wax, and repelled by the 
glaſs; and mr Ons eee | 
it will be elecrified by the reſinous 
and be xepelled by the was, e | 
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the glaſs. That this bodyiis thus eleArified 
by the electric atmoſphere of the conductor, 
by attracting one of the powers, naturally ad- 
hering to that body, and 'by'repelling the 
other power, without making any exchange 
with the electricity of the conductor, may be 
thus proved. Bring the ſame body, diveſted 
. of its electricity, (or, more properly ſpeaking, 
with its electric powers brought into an equi- 
librium ;) by touching it with your hand, or 
ſome non: electric, within the ſame FAtatice 
of the conductor as before, and conſequently 
the different ends muſt he electrified with the 
different powers as at firſt, While it remains 
in that ſituation; but remove it from tlie at- 
moſphere of the conductor, and bring the 
ſuſpended down to touch it; you 'wilHfintl 
no 8 of electricity in the body; the pow- 
ers then only aQing upon each other are 
drawn into their natural condenſed ſtate all 
over the body, in which ſtate they exert but 
little ſenſible action. 
\._ "This experiment may ſhew* how tlie Abe 
duft, pride on a pa er over the magnet, 
comes to be ranged in curved Hines, Where 
the magnetic ätmoſpheres attract each other 
into that form; for every gtain of — — 
its 8 ee Ger wo 115 1950 
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. 
mixture of the powers in magnetiſm, as it 
is in electricity; as I can prove by experi- 
ments. But to return and leave magnetiſm 
for ſome future amuſement. 
I muſt here beg your patience while I add 

twoor three more experiments, to thew that 
the natural quantity of the electric powers in 
all bodies is thus acted upon by an electric at- 
moſphere, while any body is immerged in it. 
For much depends on Fer underſtanding 

this matter. | 
Take a ſtrong wire ten inches long, turn 
the ends into ſmall loops, fix the middle to a 
glaſs handle with ſealing wax; from each 
loop ſuſpend a piece of down by 4 linen thread 
ſix or ſeven inches long; bring the handle 
perpendicular over the conductor, the wire at 
right angles with the conductor, and parallel 
to the horizon; as you lower your hand you 
will ſee the down ſtrongly attracted to the 
conductor, by the reſinous power being drawn 
into the down; and the vitreous power repel- 
led into the wire; but when you approach 
the wire ſo near as to change powers with 
the conductor, the down flies off to each ſide. 
Diveſt the wire and down of the adventitious 
electricity, and bring it as before but the wire 
parallel to the conductor, when the down 
comes within two or three inches of the con- 
ductor, it will be ſtrongly attracted to the 
conductor, and by bs your hand at the 
ſame diſtance and the wire parallel to the con- 
ducdor, you may carry it quite round the con- 


_ duQtor with the down attraQed i in all poſiti- 
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ons. But ſink your hand quite below the at 
moſphere of the condud or, and then raiſe it 
with the wire parallel to the conductor, the 
wire will firſt approach the conductor, and 
therefore the reſinous power will be drawn 
into the wire, and the vitreous power _ 
led into the down, conſequently both 
of down will be repelled by the —— 

the wire endways toward the conductor, 
three or four inches above the horizontal le- 
vel of the conductor, and you will ſee the 
piece of down next to the conductor, attract- 
cd to it, and the other repelled from it; the 
one being electrified with the vitreous power, 
and the other with the reſinous power; which 
may be proved by bringing a piece of excited 
ſealing wax, near either of them; but turn 
the handle that the wire may change end for 
end, and the powers will be immediately 
chang ed in the pieces of down; that next 
the — being always electriſied by the 
reſinous power. But while the pieces of down 
remain one attracted and the other repelled, 
take a piece of wire in your other hand, and 
touch the wire ſupporting the down, you will 
ſee the fibres of the repelled down immediate- 
ly drop and riſe again, the down will then 
be attracted to the conductor, and be found 
to be electrified with the reſinous power. The 
reaſon of this change is, that all the vitreous 
power in the wire and down is repelled into 
your arm by the atmoſphere of the conductor, 
_ — Wt the ay * — 
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drawn -from you into the wire and down, 
Suſpend a ſmall cork ball with ſilk, that it 
may hang upon a level with the conductor, 
and within five or ſix inches of the conduc- 
tor, it will remain quiet there; but if you 
touch it with the end of a wire held in your 
hand, the vitreous power of the ball is driven 
into you, and an equal quantity of the reſi- 
nous power carried to the ball, by which 
means the ball is ſtrongly electrified with the 
reſi nous power, and is attracted with great 
rapidity to the conductor; and if your wire 
be any thing pointed and directed againſt the 
ball, the ſtream of reſinous power flowing 
from it, will keep the ball fixed to the con- 
ductor, by continually ſupplying it with the 
reſinous power; but when you remove the 
wire, the ball then parts with its reſinous 
power to the conductor, in exchange for the 
vitreous power, of which the conductor has 
the 'greateſt quantity, and the ball becomes 
electriſied with the vitreous power, equally as 
the conductor is electrified, and is then conſe- 
quently repelled from the denſer part of the 
atmoſphere of the conductor to the rarer, the 
ball carrying its own vitreous atmoſphere with 
it. That all ele&ric atmoſpheres, whether 
vitreous or reſinous, are rarer as they recede 
from the electriſied body I ſhall prove preſent- 
ly by experiment. Suſpend tw¾o cork balls, 
hy linen thread, over the conductor, and reach- 
ing within two or three inches of the conduc- 
tor; you will find them electrified bythe re- 
nous power and repelling each other; but 
| 33 attracted 
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attracted to the conductor; for the vitreous 
power is driven from, and the reſinous po-]. 
er attracted into them, by the vitreous at- 
moſphere of the conductor while the wheel 
1s turning; but ſtop the wheel and touch 
the conductor, and the balls fall together in 
their natural ſtate. Try the ſame experiment 
with ſmall balls ſuſpended by ſilk lines of 
ſix or eight inches long, the reſt of wire; you 
will find the balls electrified with the reſinous 
power, after ſome time turning the wheel; 
ſtop the wheel and touch the conductor, the 
balls will ſtill remain electrified; becauſe it 
required time and force to drive off the vi- 
treous power through the ſilk, and to attract 
the reſi nous power through the ſame; but 
when the atmoſphere of the conductor is re- 
moved, there is not any power to drive back 
the vitreous power through the ſilk to the 
balls. For here I muſt obſerve that ſilk, wax, 
glaſs and all electrics, have their powers ſepa- 
rated, and are electriſied with the different 
powers, which are inherent in themſelves, 
at their different ends, while ſuſpended in an 
electrie atmoſphere, in the ſame manner that 
non-elerics are; but not fo ſuddenly; as 
their powers will not change place ſoquick 
and in this ſlowneſs of changing conſiſts the 
difference of electries and non- electrics. Suſ- 
pend a glaſs by clean ſilk over the conduc- 
tor at three or four inches diſtance, aud aftet 
ſome time turning the wheel, you will find 
the end next to the conductor electrified with 
the reſinous power, and the otlier end with 
„„ I the 
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the vitreous power; as will appear by touch- 
ing each end with a piece of down, ſuſpend- 
ed by clean ils. The ſame effects will ap- 

in wax in the ſame circumſtances; but, 
more evidently if the conductor is electrified by 
a wax globe; but then the powers will change 
place, the vitreous power will appear next 
to the reſinous atmoſphere of the conductor, 
and ſo in all other experiments, when a wax 
globe is made uſe of. But 1 have all along 
ſuppoſed a glaſs globe to electrify the conduc- 
tor. Glaſs and wax ſuſpended by ſilk may 
be electrified, as any non- electric is, by a 
wire communication from the conductor, 
which muſt remain for ſome time, and then 
be removed by a wax or glaſs handle. 

From the different powers exiſting, and 
being capable of changing place in all elec- 
trics according to the power applied, you ſee 
the neceſſity of obſerving whether you may 
not be deceived by it, in your experiments. 
You alſo ſee the neceſſity of clean ſilk, wax 
and glaſs, otherwiſe a man may be deceived 
in many experiments ; glaſs in particular, if 
it is ſo cold as to attract the damp of the air, 
is very apt to deceive. Let a piece of down 
hang by filk within four or five inches over 
the conductor, then with a wire, with a wax 
handle, elearify the down from the conduc- 
tor, it will be repelled ; then touch it with 
the end of a wire held in your hand, it will 
be attracted towards the conductor, as you 
purſue it to touch it, it will be highly elec- 
trified wits the reſinous power, and ſtrongly 

attracted 
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attracted to the conductor, but repelled from 
your wire; the change of powers in ths 
down muſt certainly be made through the 
wire, to and from your arm, the vitreous 
being driven into and the reſinous attracted 
from it, by the power of the vitreous atmoſ- 
here in which your arm is immerged; and 
the down will retain its reſinous atmoſphere 
when carried quite away from the atmoſ- 
Phere of the conductor. Tho' I fear I am 
growing tedious, yet I will add one experi- 
ment more, which I take to be an Experimen- 
tum Crucis in this caſe, which cannot be too 
much explained. 
Take a cylinder of lead five, ax! or ſeven 
inches long, more than half an inch diame- 
ter, round off the ends ſmoothly, then ſaw 
It through the middle and bore a gimlet hole 
in each of the ſawed ends, fit a peg of dry 
wood tight into one hole and fo that it may 
paſs eaſily into the hole of the other piece; 
ſuſpend each piece by a double pieee of ſilk, 
the-ends of which may be faſtened 'to the 
ends of two ſticks three or four inches long to 
prevent the cylinder from twiſting, &c. the ſilk 
ſhould be fourteen inches long or more; fuſ- 
pend theſe two pieces, joined by the peg in the 
middle, as one cylinder, about two or three 
inches abovethe conductor, then remove them, 
ſtill joined together, quite out of the atmoſ- 
phere of the conductor, and bring a piece 
of down, ſuſpended by 'ſilk. to touch them, 
and if they ſhew no 8881 of being electrified, 
* have held them far enough above the 
I 2 conductor; 
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conductor; then carry them back and hold 
them at the ſame diſtance from the conduc- 
tor, and when they have remained there for 
2 few ſeconds, lift up the upper piece and 
take it quite out of the atmoſpere of the con- 
ductor, and afterwards alſo the under piece 
* gk letting it come nearer the conductor 
in the removal, you will find the upper piece 
electriſied with the vitreous power, and the un- 
der piece electrified with the reſinous power; 
for when a piece of down is touched to the one, 
it will be electrified and repelled by the wax, 
but when touched to the other it will be at- 
tracted by the wax; or the down will play 
between both till it reſtore the equilibrium, 
and no more ſigns of electricity appear; 
vrhich proves that the pieces brought no elec- 
tricity from the conductor, and that the 
powers naturally belonging to them were ſe- 
parated by the atmoſphere of the conductor 
in the manner I have been all along deſcrib- 
ing. Or let two cylinders touch each other, 
and all ſigns of electricity vaniſh upon reſto- 
ring the equilibrium between the natural 
powers of the cylinders. If equal, but diffe- 
rent, powers of electricity were only intimate- 
ly mixed by their mutual attraction, all ſigns 
of electricity would vaniſh; but I ſhall ſhew 
that they are really condenſed thereby, and 
that they again expand themſelves in propor- 
tion to the attraction taken off by withdraw- 

ing any part of either of the powers. "ug 
From what I have been ſaying, I think it 
eaſy to explain how light bodies will be at- 
tracted, from the ſurface of a A x 
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the conductor; for when they are brought 
within the atmoſphere of the conductor, their 
vitreous power and that of the body on which 
they reſt is repelled, aud the reſinous power 
attracted, by which means the ſmall bodies 
become ſtrongly electrified with the reſinous 
power, and are therefore attracted to the con- 
ductor, till they exchange their reſinous pow- 
er for the vitreous power of the conduCtor, 
and then they are repelled in the manner I 

have mentioned of the cork ball. But in other 
circumſtances where theſe ſmall bodies are 
placed upon a perfect electric (if ſuch a body 
were to be found, which I think is not to be 
found) or ſuppoſed to be free from all con- 
tact with any other body, with which they 
might exchange the electric powers to deſtroy 
the equilibrium, and conſequently where 
they muſt be attracted with their powers in 
equilibrio till they exchange powers with the 
conductor; the attraction is exceeding weak; 
and it will require a farther diſquiſition to 
explain the manner in which it is performed. 
From what I can gather from the actions of 
the electric powers it appears to me, that a vi- 
treous atmoſphere repels another vitreous at- 
moſphere with a force exactly equal to that, 
with which it attracts a reſinqus atmoſphere 
of equal denſity with the repelled vitreous 
atmoſphere. And that the attracting and re- 
pelling atmoſphere acts with a force propor- 
tional to, and encreaſing with, its own den- 
fity. From hence it follows that a ſmall 
ſphere, whoſe electrio powers are equal, ſuſ- 
| „ pended 
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pended by a perfect electric in the atmoſphere 
of the conductor, muſt have its powers equal- 
ly attracted and repelled ; but as the reſinous 
power is attracted to, and the vitreous power 
is repelled from the conductor, the refinous 
power comes into a denſer part of the atmoſ- 
phere of the conductor, and the vitreous 
power is driven into a rarer part of the ſame 
atmoſphere ; conſequently the reſinous pow- 
er is more attracted by the denſer part of the 
atmoſphere, than the vitreous power is 
repelled by the rarer part of the atmoſ- 
phere; and the differenee between this 
repulſion and attraction muſt be the force 
with which the ſphere is attracted to the con- 
duQor. It is eaſy to ſee that this attraction 
of a ſphere can be but very weak, and ac- 
cordingly experiments evince the truth of 
this doctrine. Extend a wire horizontally a- 
croſs your room at right angles with your 
conductor, but two feet above it; and from 
wire hooks, to ſlide forward or backward on 
the horizontal wire, you may ſuſpend your 
balls. Suſpend a cork ſphere of half an inch 
diameter, with very clean ſilk, to hang upon 
a level with, and within three or four inch- 
es of the conductor; turn the wheel and you 
ſhall ſcarcely perceive the cork to be atrract- 
ed; but when the cork is placed near enough 
to the conductor to be attracted, the motion 
begins very gently, but the velocity encreaſes 
as it moves toward the conductor, notwith- 
ſtanding it is obſtructed by the gravity of the 
cork, which moves up in the arch of a circle to 
which the ftring is radius ; but when the cork 


parts with its reſinous power to the conductor, 
it 
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it is repelled with great rapidity.; and if it 
ſtrike againſt your hand or any non- electric 
in the atmoſphere of the conductor, which 
by that means has its reſinous power drawn 
towards the conductor, the cork becomes 
electrified with the reſinous power, and is at- 
_ tracted to the conductor, with a force exceed- 
ingly greater, than that with which it was 
attracted while the powers were equal in the 
cork. Suſpend another cork ball, exactly ſi- 
milar to the firſt, by linen thread, hanging 
ſomething lower than the firſt, and placed 
twenty inches or two feet from the conduc- 
tor, you will find it more attracted at that 
diſtance, than the firſt is at four inches 
diſtance ; the reaſon 1s, becauſe the vitreous 
power 1s repelled from the ball along the 
thread, and the reſinous power attracted to 
the ball, by the vitreous atmoſphere of the 
conductor, by which means the ball becomes 
electrified by the reſinous power, and is more 
attracted by the conductor, tho' placed at 
ſuch a diſtance from it, and in a 1 of its 
atmoſphere ſo much rarer, than the ball ſuſ- 
pended by ſilk is; becauſe the powers remain 
in equilibrio in the latter, which therefore 
can only be attracted by the laws I have laſt 
mentioned. Place the ball, ſuſpended by 
filk, within four or five inches of the conduc- 
tor, and that ſuſpended by thread within 
nine or ten inches of the conductor; then 
turn the wheel briſkly, the ball ſuſpended 
by thread will ruſh by that ſuſpended by ſilk, 
and remain fixed to the conductor as long as 
the conductor remains electrified with any 

I 4 force, 
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force, and the ball on ſilk remains at, or very 
near its firſt diſtance. The ball on thread is 
fixed to the conductor by the continual ſtream 
of reſinous power flowing in from the thread, 
in the place of the vitreous power carried off 
by the thread. I lace the balls at the fame 
diitance's again, but take off the cuſhionfrom 
the globe or cylinder, and with a rubber in 
your hand preſs the globe lightly to raiſe the 
atmoſphere gentiy, that the outer ball may be 
drawn towards the inner ball with a flow mo- 
tion, and when it comes to touch it, or 10 
near as to exchange powers with it, the ball 
on 11k will be drawn into ihe conductor and 
fixed there by the reſinous ſtream flowing 
from the ball on thread; and if the atmoſ- 
phere of the conductor be neither increaſed 
or diminiſhed, the ball on thread will remain 
pretty near the place where it met with the 
filk ball; but if the atmoſphere of the con- 
ductor be much increaſed by rubbing the globe 
harder, then the ball on thread will be alſo 
attracted to the conductor, and both balls re- 
main fixed there, provided that they lie in 
conta a, that the ball on ſilk may be ſupplied 
with the reſinous power flowing in by the 
thread; but if they do not touch, then the 
ball on ſilk flies off, and the ball on thread 
remains fixed to the conductor. Cork balls, 
no bigger than peas, brought on a large flat 
glaſs which is quite dry and cold (for if a glaſs 
be warm, the powers are much ſooner ſepa- 
rated in it than when cold) and — 
| quick 
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quick to the conductor, before the powers 
have time to change place in the glaſs, the 
balls will not be attracted to the conductor 
till almoſt in contact with it; but from a 
non- electric they will be attracted at a conſi- 
derable diſtance. The reaſon why, I have 
given before. Take a cork ball of an inch 

diameter ſuſpended by ſilk; and a cork cy- 
linder four inches long, and of the ſame 
weight with the ball, the ends rounded off, 
and ſuſpended by ſilk parallel to the horizon. 
Let them hang ſeparately withia an inch 
and half or two inches of the conductor, that 

the end of the cylinder and ſide of the ball 
may be at equal diſtance from it; you will 
find the cylinder drawn into the conductor 
when the ball is ſcarcely moved; notwith- 
ſtanding that the center of gravity of the cy- 
linder hangs an inch and half farther from 
the conductor than that of the ball. Which 
ſhews the electric powers being farther ſepa- 
rated in the cylinder than in the ball, that 
the difference of attraction and repulſion of 
thoſe powers by the vitreous atmoſphere of 
the conductor is greater in the cylinder than 
in the ball, becauſe they lie in greater degrees 
of the denſity and rarity of the atmoſphere 
of the conductor, and therefore the cylinder 
is more attracted than the ball. I could add 
more experiments to this purpoſe, but I be- 
leve theſe will be thought ſufficient ; as T 
have other matters to touch o. 53 
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Though it may appear, from what I have 
been ſaying, that electric atmoſpheres have 
an increment of rarity, as they recede from 
the body electrified; yet, it may not be amiſs 
to bring an experiment or two, for farther 
proof. As to the ratio in which it increaſes 
I ſhall leave to others to amuſe themſelves 
with ; but T think it will prove an endleſs 
ſearch ; as it has done in magnetiſm, where 
there muſt be a different rule for every dif- 
terence of ſtrength in the magnets which ap- 
proach each other, or for every different de- 
gree to which the magnetic powers are ſepa- 
rated in the ſame magnet; the reaſon for 
which, I may, ſome time or other, trouble 
you with. Take a needle of four or five 
inches in length, ſupported on a pivott, like 
2 compaſs needle, no matter whether it is 
magnetical or not; place it perpendicularly 
over the conductor, upon a non- electric point 
fixed to the conductor; this needle muſt be 
electrified with the ſame power with which 
the conductor is electrified, and, conſequent- 
ly, their atmoſpheres muſt repel each other; 
and if the atmoſphere of the conductor was 
of equal denſity, there would not be any rea- 
ſon for this needle's reſting in one point 
more than another, after it had been whirl- 
ed about; but you'll find, when it begins to 
ſtop, that it will traverſe backwards and for- 
wards, until it fixes at right angles with the 
conductor; the ends thereof with their elec- 
tric atmoſpheres, being ſtrongly repelled _—_ 

the 
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the denſer part to the rarer part of the at- 
moſphere of the conductor. Arm the ends 
of this needle with two piſtol balls; the ef- 
tes will be the ſame. Or, place a magnetic 
needle, in the ſame manner, upon a gun bar- 
rel, ſuſpended length-ways in the magnetic 
meridian ; neither the directive power of the 
needle, or the attraction of its ends to the 
gun barrel, will prevent its being repelled. 

trom the denſer to the rarer part of the elec- 
tric atmoſphere, and fixed at right angles 
with the barrel. Place a point upon a non- 
electric, that it may ftand upon a level with 
the center of the conductor, and at fuch a 
diſtance, that the balls on the ends of the 
needie, when placed upon the point, may 
come within a quarter or half quarter of an 
inch of the conductor. Here the needle is 
differently circumſtanced from what it was 
when placed on the conductor; for both 
ends are electrified with the reſinous power, 
and, conſequently, equally attracted to the 
conductor, while parallel to it; but when 
one ball begins to move, it is more attracted, 
by getting into a denſer part of the atmo#- 
phere of the conductor, and by the other 
balls being leſs attracted in the rarer part of 
the atmoſphere ; but moſt of all by the re- 
ſinous power being drawn into it through 
the point which ſupports it; and thus the 
ball gets into a conſiderable velocity by the 
time the needle comes to right angles with 
the conductor; and here a re- action would 
begin to obſtruct its circulation, if it were 
not prevented for ſome little time, while N 
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ball exchanges powers with the conductor, 
and the conductor 1s again ſufficiently elec- 
triſied to draw an equal quantity of the reſi- 


nous fire into the ball; but in this tinze-the 
ball begins to recede from the conductor, 


with a velocity ſufficient to prevent the fu- 
ture re- action from ſtopping the ball, till 
the ball at the other end of the needle be- 
comes neareſt to the conductor, and, conſe- 
quently, muſt be acted on as the firſt ball was. 
And thus, by an encreaſe of velocity in each 
turn, the needle ſoon comes to run an hun- 


dred miles in a minute. It is indifferent 


which way the needle begins to turn. But 
this needle will not circulate, placed upon a 
phone in a dry glaſs ſtand; nor will it circu- 
ate at ſuch a diftance as prevents its chang- 
ing powers with the conductor. 

Tie the two ends of a piece of Glk near 
the two ends of a knitting-needle, fo that, 
when you loop the middle of the filk, the 
two Ges and needle may make an equilate- 
ral triangle; ſtick a bottle cork on each end 
of the needle, and ſuſpend it by ſilk from the 
loop, that it may hang two inches above the 
conductor. When you electrify it with the 


_ vitreous power, of an excited glaſs, the corks 


are repelled from the denſer to the rarer 
parts of the vitreous atmoſphere of the con- 
ductor, and ſtand at right angles with the 
conductor; but, then touch it with your fin- 
ger, or wire, that it may be electrified with 
the reſinous power; or, for more ſatisfacti- 


on, electrify the needle with excited ſealing- 
wax, 
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wax, and the corks are immediately attracted 
from the rarer to the denſer part of the vi- 
treous atmoſphere of the conductor, and the 
needle ſtands parallel to the conductor. 

After all that has been faid of the wonder- 
ful power of points, I ſhall now ſhew that 
they do not act one inch beyond the elec- 
tric atmoſphere; nor do they act upon that 
any farther than they are immerged in it; 
and indeed ſo far it acts upon them; by 
drawing the reſinous power in through them, 
and parting with ſo much of the vitreons 
power as comes in contact with them, but 
no more. . Suſpend a piece of down by filk, 
ſo that it may hang againſt the fide of the 
conductor; when you turn the wheel it will 
be electrified with the conductor, and fly off 
fo the extreme part of the atmoſphere of the 
conductor: ſtop the wheel, arid bring your 
point to the outſide of the down, inſtead of 
the down's being driven in, toward the con- 
ductor, it will be attracted to the point, till 
it has exchanged powers with the point, and 
then it will atttacted to the conductor, 
and be electrified again, and repelled, and 
when it comes within a certain diſtance of 
the point, it will be attracted to it, as to any 
other non- electric; and fo, on, while the 
conductor remains electrifled. When the 
down. ftands thus eleQrified on the atmoſ- 
phere of the conductor, immerge your point 
a little way into the atmoſphere, and you 
ſee the dewti approach the conductor, in 
proportion to the immerſion of the point, 

and 
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and ſo on, as often as you move the point 
forward to the conductor, but no farther, 
hold the point there as long as you pleaſe, 
which plainly ſhews that the point acts no 
farther than contact in drawing off the elec- 
tricity. Indeed, While the wheel is turning, 
and the point immerged in the atmoſphere, 
there is a ſtrong ſtream of the reſinous power 
flowing in from the point to the conductor, 
and that in proportion to the vitreous power 
carried off by the point; (for the electric 
powers do change place more eaſily through 
points and ſlender bodies than when their 
ſurfaces are oppoſed to each other in any 
conſiderable quantity) and if this ſtream 
meets an electrified cork ball, or piece of 
down, it will change their powers, and elec- 
trify them with the reſinous power, by 
which means they are attracted to the con- 
ductor, and will be fixed there by the conti- 
nual ſtream of reſinous power. But, draw 
back your hand into the rarer part of the at- 
moſphere, to leſſen the reſinous ſtream ; and 
you'll ſee the down get off from the con- 
ductor by degrees, and hang between the 
two powers, without being forced into the 
conductor, or able to fly far from it; and 
upon this doctrine, of one power going out 
and anothet coming in, depends the ſuſpen- 
fion of gold-leaf between an electrified plate, 
and a non- electric beneath. I dance half 1 
dozen r puppets, about two inches high, 
— KF table and a large tin plate, "_ 
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ed round the edges, and ſuſpended from my 
conductor; for, as the heads are elearified 
with one power, and the feet with the other, 
they are repelled at both ends, and, there- 
fore, never come in contact, except the plate 
is raiſed high enough to let the lower part - 
of one touch the higher part of another ; and 
then they attract each other, and ſtick toge- 
ther. This dance has a droll appearance, 
and I have ſcarcely met with any one who 
could look on without laughing: but it re- 
quires ſome ſkill and practice to ſhape the 

ppets, for a very minute alteration wall 
make them dance, or remain fixed to the 
top or bottom; for, the upper part muſt be 
ſo much larger than the lower part, as to 
contain a part of the power going in, as 
much greater than that going out, as will be 
equal to the gravity of the paper; but, from a 
little practice, I can make one of them dance 
tor ſome minutes, without touching top or 
bottom. af | 
But, to return to my points. It is evi- 
dent, from all the experiments that can be 
made, that points have not any power tag 
the electric atmoſphere at the diſtance of one 
inch; how is it then poſſible to ſuppoſe they 
can draw electricity from the clouds at a 
thouſand yards diſtance? for ſo far, and of- 
ten much farther, is the ſeat of thunder ge- 
nerally placed from us. I know that very 
magnificent ideas of the extent of the electric 
| atmoſphere of the clouds have been formed, 
| and delivered to the public, as if they may 
7 extend 
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extend to theſe points on or near the ſurface 
of the earth; but upon what foundation in 
reaſon theſe ſuppoſitions are ſupported, | muſt 
own I cannot fee. For it is plain that the 
electric atmoſphere of a thunder cloud can 
only be a continuation ef the electric atmoſ- 
pheres of all the drops; for we cannot ſup- 
poſe it one atmoſphere to one body till all 
the drops are joined in one body, and then 
indeed it may be very extenſive. For if we 
conſider how this electric atmoſphere is form- 
ed, the extent may in ſome meaſure be gueſ— 
ſed at, at leaſt I think the method of compu- 
ting will be reaſonable. If every particle of 
vapour carries up an electric atmoſphere pro- 
portioned to its diameter, after a coalition to 
form drops, the diameter of the electric atmoſ- 
phere of the drop muſt be in proportion to 
the diameter of the drop, as the diameter of 
the atmoſphere of the particle was to the di- 
ameter of the particle, which can never 
amount to this monſtrous extent. But I 
am running from my purpoſe, which was to 
explain the phænomena of electrical experi- 
ments, among which I think the charging 
and diſcharging Mr. Muſchenbroeck's bottle 
has raiſed the attention of the inquiſitive; I 
ſhall therefore explain the myſtery of that 
phenomenon. In doingof which I think Lſhall 
ſhew that the electric powers, when in equi- 
hbrio, do really condenſe each other, and that 
the ſion of one power always follods 
upon the withdrawing the attraction of the 


other 
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other power; which expanſion is in propor- 
tion to the increaſe of one power and the di- 
minution of the other power. 

Place your bottle upon an electric ſtand with 
a-communication from the conductor, then 
turn the wheel and you will find the bottle 
electrified on both ſides with the vitreous 
power; which may be proved by touching 
them with the down ſuſpended by ſilk, for 
when it is electrified by touching the outſide, 
it will alſo be repelled by the hook, or ball, 
which communicates with the inſide of the 


bottle; when you apply a non- electric to the 


conductor, all ſigns of electricity are drawn 
from the — but the bottle remains 
in ſome degree charged ; which degree will 
increafe with, and be in proportion to the 
time of turning the wheel. Try this experi- 
ment with the communication to the coating 
of the bottle ; you will find the top of the 
bottle, and the outſide both ele ed with 
the vitreous power, as before; but when you 
diſcharge the conductor by touching it, the 
bottle is alſo entirely diſcharged. The reaſon 
of theſe different effects I thall explain pre- 
ſently. The bottle I commonly uſe is a 
quart bottle filled with thot and — with 
a wire thruſt through the cork and a piſtol 
ball at top; the body is wrapped round with 
two or three turns of common ſheet lead; 
for I obſerve it is neceſſary to have the non- 
electric on the outſide an} to that within; 

| and n more babs is of n We. 

fe | n bottle 
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bottle will charge. But the degree of charg-- 
ing depends upon the degree of ſeparation of 
the powers between the cuſhion and globe; 
and-therefore much depends upon having a 
proper cuſhion. - I have found a pig's blad- 
der placed on linen or paper a very little 
damp, but not ſo much as to make the blad- 
der moiſt, to anſwer well. But a moiſt or 
wet cuſhion will never produce a ſpark from 
the conductor; becauſe then the ſurface of 
the globe becomes non electric by being wet- 
ted, in which caſe the powers cannot be ſe- 
parated. So that I fear Mr. Franklin's me- 
thod of collecting electricity (which is the ba- 
ſis of his famed hypotheſis) by rubbing the 
ſea- water againſt the ſalts which are diſſolv- 
ed in it, will never do. I place my bottle on 
a round board, upon the necks of three 
clean bottles. From a bottle thus pla- 

ced a wire communicates with the conduc- 
tor, and another from the coating to the ta- 
ble; when the wheel turns you will not find 
any ſigns of electricity in the coating when 
you touch it with the bog- down; but the 
top is electrified with the vitreous power, and 
as often as you remove the wire communica- 
ting with the table, you will find the coat- 
ing alſo electriſied with the vitreous power, 
till the bottle is full charged. Then remove 
your wires from the conductor and table, 
and touch the coating with your finger; the 
down will hang fuſpended by it without any 
appearance of being electrified; then touch 
the bullet with your finger, and the _ 
: N | WI 
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will be ſtrongly repelled from the coating» 

and be electrified with the reſinous power. 
Then touch the bullet with another piece of 
ſuſpended down, and the down will be 
electrified with the vitreous power and be 
repelled ; then touch the coating with 
- your. finger, and the down is . repelled 
much farther by the bullet; but the down 
which was repelled from the coating is 
now attracted to it, and remains quiet 
there, till you touch the bullet with your 
finger, and then it is electrified as at firſt and 
violently repelled, and the down which was 
elearified by the bullet is now attracted to- 
wards it. And this change in the extent of 
the atmoſphere of the. different powers is al- 
moſt inſtantaneouſly made, as often as you 
touch the bullet or coating. Or you may 
place your wire from the bullet to the con- 
ductor, and ſuſpend a piece of down to touch 
the conductor; when you touch the coating 
the down i is repelled from the conductor, and 
that next to the coating is attracted. to it.; 
then touch the bullet, and the down is repel- 
led from the coating and attracted. to the 
conductor; and ſo on, as often as you touch 
the bullet and coating. From hence, I think 
that two things evidently appear; firſt, that 
the bottle is electriſied with the vitreous 
power on the inſide, and with the reſinous 
power on the outſide. Secondly, that when 


the balance of theſe powers is deſtroyed by 


leſſening the quantity of, one, the extreme 
part of the other expands itſelf into an ex- 


entre eee and that the ee 
K 2 © 
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of the leſſened power is condenſed, as appears 
by the down's falling cloſe into the conductor 
or coating. But here a more myſterious phe- 
nemenon appears, which has not been taken 
notice of, (nor indeed was it poſſible to take 
notice of it, until it was anderſtood that 
there are two powers in electricity) that the 
extreme parts of the vitreous and reſinous 
atmoſpheres meet on the outſide of the bot- 
tle without attrading each other ſo as to mix. 
Which I think may be thus accounted for. 
The electric powers are attracted to matter 
(the bottle) according to the quantity of mat- 
ter, therefore the moſt condenſed and attrac- 
tive parts of theſe powers muſt meet at the 
glaſs; and the attraction of each proceeds 
through the ſeries of particles of the other 
power to the extremes, conſequently the ex- 
tremes cannot attract each other with a great- 
er power than they are attracted themſelves 
by the denſeft and moſt attractive part of the 
oppoſite and attracting power at the glaſs. 
It now remains to ſhew how theſe powers 
came to be ſituated on the inſide and outſide 
of the bottle; or why they donot mix through 
the glaſs where their ftrongeſt attraction is. 
We muft firſt conſider the feparation of 
theſe powers between the globe and cuſhion, 
for, according tothe degree of ſeparation there, 
all the reſt muſt follow. The globe parts 
with its reſinous power to the cuſhion in 
exchange for the vitreous, the conduQor in 


like manner to the globe, and the infide of | 


the bottle in like manner to the conductor; 
and fo the exchange would go on with the 
. 9 next 
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next. non - electric, but that the bottle gi 
{ome obſtruction to the paſſage Fe Ihe 
electric powers; by which means the vir 
treous power which paſſes through the glaſs, 
or round by the outſide of the ba to 
the non-· electric upon the outſide of the 
bottle, is carried off, together with the yi- 
treous power of the coating, along the wire 
which communicates with the table, in ex- 
change for an equal quantity of reſinous po- 
er — back by the wire to the coating 
of the bottle; till at length the reſinous 
power on the outſide becomes a balance in 
attraction to the vitreous power on the i in- 
ſide; by which means the reſinous power is 
Jann from the inſide of the bottle to the 
conductor; ſo that the bottle remains a par- 
tit ion between theſe powers; and they 
not change place through the fine 3 | 
the bore. while their ſurfaces are oppoled 
to each other in ſuch quantity. For you ſee 
when the juncture is made 1 in open air, where 
their ſurfaces are oppoſed in any quantity, it 
is not done without violence; for vrhen you 
compleat the circle with flat ſurfaces a Vetle 
convex in the middle, the conſequence isaloud; 
crack and flaſh of fire, by burſting through 
each other. For where the different powers 
attract each other in any quantity, zen en | 

much condenſed, which I could proye by expe- 
riment. Thi would alſo prove other mat 
ters which I woyld willingly ſpeak to, but + 


have nat room for every, 5 —5 The violent, 
conyalfion felt through the body, by com- 


pleating the circle with the hands, is only 
occaſioned by the different powers E in 
8 1 Ae ition 
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oppoſition through the ſame nerves. For let 
one man touch the coating, and another touch 
the top of the bottle, the bottle will be diſ- 
charged without ſhocking either of them; 
tho' it is evident that as much fire paſſed 
through each, as if each had ſingly diſcharg- 
ed the bottle. But in this caſe the fire is dif- 
fuſed through all parts of the body, and the 
fire hrought in is drawn from all parts of the 
body, therefore the nerves cannot be ſo much 
ſhocked as in the firſt caſe, where all the fire 
paſtes, in op hoſition, through the ſame nerves. 
The reaſon y the bottle ſet on a glaſs ſtand, 

in the firſt mentioned experiment, without 
any communication with the table, remains 
charged after turning the wheel for ſome 
time, and then diſcharging the conductor; 
is becauſe the vitreous power at the outſide. 
drew up ſome of the reſinous power from 
the table through the ſides of the glaſs ſtand 
(for I ſhewed before that there are not any 
bodies perfectly electric, and that the pow- 
ers may be changed in glaſs) or perhaps from 
the damp of the air, &c. but this adventiti- 
ous reſinous power has no way of retreating 
upon diſcharging the conductor of its electri- 
city; and therefore by its attraction of the 
vitreons power in the bottle retains an equal 
quantity of it there, by which means the 
bottle is ſo far charged, and remains fo till 
diſcharged in the common way. But in the 
ſecond experiment where the Mre from the 
conductor is fixed to the coating, whatever 


L 101 J. 


reſinous power is drawn from the table to the 
2 paſſes on in exchange to the conduc- 
r, globe and cuſhion, and there being no 
227 for the reſinous power to come at the in- 
fide of the bottle; upon diſcharging the con- 
ductor, the bottle is found entirely charged, 1 
with its powers in equilibrio in their natural 
ſtate. But the moſt myſterious phænomenon 
of this bottle ſtill remains, without any no- 
tice being ever taken of it, that T can find; 
which is, that after the bottle has been highly 
charged, and then all communication remoy- 
ed, and the conductor diſcharged that u 
electric atmoſphere may be near the bottle; 
BE you diſcharge the bottle ſo far that 0 
gns of electricity appear upon touching the 
coating with the 825 of l hand, ad — 
bullet with the finger of the other hand; 
upon letting the bottle remain two or aer 
minutes upon the ſtand, you will find it in 
ſome ea fure charged again, ſo as to yield a 
Tpark and give a ſhock to be felt in the wriſt; 
and after that diſcharge let it reſt three or 
four minutes more, you will find another 
eharge that may be felt as far as the knuckle 
or back of the hand; upon diſcharging the 
bottle with a finger of each hand. And thus 
by letting it reſt for longer intervals you*will 
find it revive” for five or ſix times, 'the ſparks 
growing ſmallet in each! icceffion; If the 
bottle de diſcharge ed with a wWire fixed fe 4 
glaſs or war handle, the revived charge (as I 
N it) Will de the 1 This effect 
e ene * K 40 58 238 I nuſt 
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I muſt own at firſt ſurprized me, and ſcemed 


very difficult to explain; but I now think it 
may. be explained by the laws which 1 have 
given, and accounted for in this manner. I 
think that it may be eaſily conceived from 
the manner in which a bottle is charged, that 
there is a greater quantity of the electric 
wers affixed to a bottle highly charged, 
tan. would. be affixed to that bottle by its 
mere attraction of thoſe powers by its quan- 
tity of matter. When this hottle is diſcharg- 
ed by a free communicatioũ from the inſide 
to the outſide, theſe powers are equally mix- 
ed among each other, that is equal quantities 
of reſinous and vitreous withinſide; and equal 
quantities of reſinous and vitreous withou tſide; 
and the quantities of both equal withinſide, and 
hours. They then attract each other e- 
ually, and therefore a communicationfrom one 
ade to the other, produces no change in theſe 
Hen. and therefore no ſenſible action. But 
theſe powers being more than the bottle can 
hold by attraction, one of them begins to move 
off from the outſide to the adjacent matter, 
and upon that ſuhtraction, a different po-wen 
allo gets off from the inſide, in proportion to 
TAs nech has ꝗuitted the outſide; now tho! 
quantities within and without are equal, 
yet they are not equal as to themſelyes, that is 
there is more of the vitreous than of the reſi- 
nqus within, and more of the reſinous than 
vf the vitreous. without ; ſo that when a com- 
munication is formed, the bottle appears-to be 
charged according to the diſparity of the pow- 


. 
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ers within and without. Thus this exchange 
goes on to the fifth or ſixth inceefligg, or far- 
ther according to the intervals of each trial ; 
but if time ſufficient be allowed at firſt, the 
equilibrium will be reſtored in ane diſcharge. 
There are many complicated caſes of his 
bottle which I think have not been taken no- 
ths: two or three 0 55 h I will, menti- 
Firſt, when the bot is fully charged by 

9 wire, and the wire removed From'the. ta- 

ble; you may ſhift i. che communication with 
the conductor, from the top of the bottle to 
the coating, and by continuing to turn the 

wheel, the reſinous power, with which the 

coating is electrified, becomes covered with 
the vitreous power, and you may take as ma- 
ny ſnaps from it as you pleaſe; or electriſy 
ace bodies by it with the vitreous powes 
as you think pro per, yet it makes no altera- 
tion in the charge in the bottle: for when you 
ſtop the wheel and remove the communicati- 
on th the conductor, and touch a finger to 
the outlide of the battle, all ſigns of che wi 
treous power diſappear z., and the refigous 
power . pull upon the coating. hen yo 
touch tlie bullet, with a finger; and when 
the: cirgle. is. i e the pottſe is diſ- 
da pont 25 it would have 

done — vou 


cating 
wire to the coating, for. 


the vitreous _ 
within the bottle being undiſturbed, ke 
equal quantity af the refu — 
fixed to 7 | tele. But when 


the bottle is fully charged, and you ſhift the 
wire 
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wire from the conductor, to the coating, from 
the top of the bottle, after the wheel has 
turned ſome little time; if you attempt to 
take a ſpark from the bullet, you will receive 
it with violence at double the diſtance you 
can draw a ſpark from the conductor; the 
reaſon is, that the vitreous power, covering 
the refinous power on the outſide of the bot- 
tle, takes the attraction of the reſinous 
power from the vitreous power at the inſide, 
and therefore leaves that power with greater 
freedom to fly off; but as you take the ſnaps 
the ſparks leſſen at every ſnap; becauſe the 
vitredus power in the bottle is leſſened, and 
the reſinous power, within, encreaſed by the 
quantity taken in, in the exchange on every 
ſnap. And thus in a few ſnaps the bottle is 
diſcharged ; but if you go on to take more 
ſnaps, the bottle is recharged with the reſinous 
power in the inſide, inſtead of the vitreous 
veith which it was charged before. Here is 
another caſe. Suppoſe an hundred turns of 
the wheel will charge your bottle; turn fifty 
of them, and then remove the communication 
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will be as loud a report as you were to expect 
trom fifty turns; but the bottle will remain 
electrified with the vitreous power, both with- 
in and without; and this electricity will- be 
diſcharged both within and without, by touch- 
ing either the bullet or coating with your fin- 
ger. Here I could add much-uPtegat e 
paſlage of the electric through glaſs; 
and various other matters. But if I were 
to explain all that occurs I muſt Wrſte a long 
letter indeed. But as it is reaſonable to fi 
poſe that you will no he pleaſed ti come to 
the end of this, I will coneſude with requeſt- 
ing that any of the ingenious” getitlemen of 
the ſociety, who have been converfant with 
electricity or magnetiſm, will tell me honeſt- 
hy where they think Jam wrong, or Where I 

have been deficient in explaining my meaning, 
or to communicate ſuch effects as they think 
cannot be deduced from the laws of ęlectri- 
city which I have laid down; or that they 
would be ſo good as to communicate any 
thoughts of their own towards eſtabliſning 
ſome fixed doctrine of electrieity, that we 
may not be led any longer by vague conjec- 
tures, but be enabled How ſome fixed laws to 
deduce the ufe of electricity in the operations 
of nature. have obſervet Mr. Marſoms and 
Mr. Canton's names" the Philoſ Tranſac- 
tions, T ſhould be obliged to theſdqwacleaten 
3 particular; for I — a neighbor 
where there is not à ſingle man, who has any 


taſte for — dfcthis kind; and agen. 
| om 
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tom in a great meaſure governs, the world, 
when I am quite well, and at liberty, I am 
employ ed in the amuſements of the place; 
but I am ſubject to long confinements by the 

gout, and in them I attempt — of 
this kind, which if it appears to the Society, 
or to yqu, to be trifhng, or incorrect, you 
ſee the reaſon why. 

It may be now objected, that the laws 1 
have laid down are not coincident with the 
laws of gravity or attraction. I readily grant 
it; for the one is a principle of reſt, andithe 
other a principle of motion; therefore their 
laws cannot be the ſame. And, though elec- 
tricity itſelf in ſome meaſure ſeems obedient 
to the general attraction, as it is found adhe- 
| five to all bodies in proportion to their quan- 
tity of matter; yet, in numberleſs caſes, it 

does counterad and overcome the power af 
gravity. a 
Though I am conſcious that this letter is 
too long, yet I alſo know that I have omit- 
ted much which is to the -preſent purpoſe ; 
and I muſt make it longer, by making an 
apology, in ſaying how difficult it is to pro- 
duce à new dodrine, and to eſtabliſn it by 
experiments, in the compaſs of one letter, 
after all that has been ſaid by ſo many con- 
ſiderable men on this ſubject. But how far 
J have done this, is — to the judg⸗ 
| wood Ep n Saciety.. I am N? 

34 8g . moſt humble, and 
"5 moſt obedient — 


Hen. ERL Es. 
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I am ſomething like a fellow at the gals 
lows, who often takes leave, but is very un- 
willing to diſpatch the audience; fo am I 
plaguing you with poſtfcripts. There is 
one obſervation which obttudes itfelf, which 
I muſt beg leave to mention. I have ſaid 
that the electric powers are adhefive to all 
matter; it ma ay be 2 why not then to 
the particles air? I anſwer, from many 
| aper ments and obſervations which I have 
made, I think it highly probable that they 
are; and yet that all the electrical experi- 
ments which we make, may be carried on in 
the ity! in the fame manner we find they 
are; and, from many uſes of the air in 
nature, I think it hi ghly neceflary that the 

electric powers ſhould be joined with it; and 
many effects of the air, ſhew that they really 
are. But here I foreſee a ready objection to 
what I have ſaid of the aſcent of vapour and 
exhalation, vis. That if the eleQric powers 
are added to the particles of air, m proporti- 
on to their pecile; gravity, how can the af- 
fixing it to particles of vapour in the ſame 
ion render them ſpeeifically lighter 
than air? I anfwer, that the extent of the 
atmoſphere affixed to each particle muſt be 
in proportion to the mixture of the electric 
powers adhering to that quien ef and conſe- 
quently the particles of va may have 
much more extended atm than the 
particles of air; they wing detached from 
_ grofs bodies, whoſe fürfaces may e 
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ed, as we call it; and therefore the particles 
detached from them may bring off the elec- 
tric powers affixed to each particle in very 
different quantities. And thus, my ſyſtem 
of the afcent of vapour and exhalation, 
thunder, rain, &c. may be better explained 
than before. But this would require a paper 
by itſelf; therefore, for the preſent, I ac- 
quieſce. | 0 
J believe, I ſhould have mentioned the 
cylinder I uſe, becauſe it is but ſmall in pro- 
portion to many others, that the experiments 
may be better underſtood ; and, alſo, to ſhew 
another circumſtance in the eaſy fitting up 
of globes, or cylinders. Mine 1s a clear;glaſs 
bottle, four inches and an half diameter, and 
ſeven inches long in the fide, with an iron 
axis paſſed through the middle, which does 
not prevent the working of the bottle; for 
the ends of the bottle, the iron axis, and the 
pikes of the lath, upon which it turns, are all 
clearified with the reſinous power, while the 
wheel is turning; which ſhews that the vi- 
treous power does not fly off that way : and 
a communication from the pike to the coat- 
ing of the bottle, will make the bottle charge 
ſooner and higher, than a communication 
with any other non- electric; becauſe the re- 
ſinous power is there prepared to fly off to 
the bottle. n 
Here, I could tell how heat excites, and 
friction ſeparates the electric powers; but 
this would require a recital of experiments 
too prolix to inſert. IE 
N ae. I muſt 
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I muſt beg the favour that you 63h let 
me know, if this letter gets to your hands, 
or whether you received mine of the gth 
of Auguſt laſt Wherever I mention down, 
I mean bog down, and not the down of fea- 
thers, which will not anſwer. in theſe expe- 
NY being itſelf an eleQric per Je. 57725 


1 Sent this 1 dated 14th Rae 
| 1758, to the Reverend Thomas Birch, ſecretary 
to the Royal Society, in nen F opts 
ſtreet, eee l 77 LA 


LETTER vn. 


SIR, K 3d Nane I 560. 
SEND you by this poſt a letter for the roy- 
al ſociety in two pacquets, and the inclo- 

ſed. My deſign in this letter is to give a 

farther explanatien of the cauſe of thunder, 

and of the deſcent of vapour and exhalation, 

&c, But as my reaſoning; in this letter is 

founded on a doctrine of electricity, which 1 

communicated to you ja a letter of the 14th 

of February, 1758, and that I find that that 
letter is not inſerted in the Philoſo. Tranſac- 
tions, I am doubtful that this letter may be 

thrown by with the ſame inattention. All I 

can ſay is that I am fully aſcertained, by num 

berleſs experiments, of the truth of that doc-! 
trine; and that I am-perſuaded, that, if any. 


of the eb of the 5 ns ex- 
amined 


Lew] 
anbited it carefully, they alſo would have found 
it to be true. I may add farther, tho it may 
appear preſumptuous in me, that it is the on- 
ly doctrine of electricity extant, (which I. 
know of) which can fully explain the electri- 
cal phænomena. For what Mr. Franklin has 
ſaid, (tho an ingenious, and I believe an inge- 
nuous gentleman) that electricity reſides in 
glaſs in ſuch a manner that when one ſide of 
the glaſs receives an additional quantity of 
electricity, (which he always ſuppoſes that it 
does, when it is electrified; tho' this is alſo 
a miſtake) the other fide always parts with 
an equal quantity of its natural ſhare of 
electricity; ſo that, according to his explana- 
tion of charging the Leyden bottle, one ſide 
muſt be electriſied negatively, or minus; 
that is, want as much of its natural ſhare of 
electricity, as the other has over and above 
its natural ſhare. I fay, that this is all a 
miſtake; for glaſs may be electrified at both 
ſides, at the ſame time, either by the vitre- 
ous. or reſinous r: and, therefore, in 
the firſt caſe, both ſides muſt abound with 
electricity, and, in the next. both ſides muſt 
want of their natural ſhare. Which quite 
overſets his doctrine of electricity in glaſs. 
A thin plate of wax may alſo be.electrified 
at both ſides at the ſame time, by either of 
the powers. And, what is more, I can elec- 
rich t the glaſs in either manner, by electri- 
fied wat; or, I can electrify the wax in 
either manner, by electrified glaſs; or, 1 
can leave the different ſides of the wax, or 

| glaſs, 
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glaſs, electrified by the different powers of 
electricity at the ſame time. Which matters 
can never be explained by poſitive and nega- 
tive electricity, or-a plus and minus of the 
ſame power. Nor can any of the phænome- 
na of electricity be explained by the action of 
one ſingle power; ſince it is evident that they 
depend upon the actions of two different 
powers, and their manner of acting on each 
other. | „ 2 | 
Mr. William Watſon in his experiments in 
vacuo, in the 45th vol. of Philo, Tranſ. thinks 
that he ſees the electricity paſſing in through 
his vacuum to the machine; but in this he 
ſees but in part; for there is as much of one 
power going out as there is of the other com- 
ing in; for theſe powers are never rendered 
viſible but in paſſing from one body to ano- 
ther in oppoſition to each other. And this 
he may try by placing his vacuum upon wax, 
and applying the wire of a Leyden phial, while 
the coating is held in his hand, to the farther 
end of his vacuum, and he ſhall find the phial 
charged with the power which comes out 
from the machine, which yill be contrary to 
that which goes in. And [am confident that 
if I were with the gentlemen of the Society, 1 
could eafily convince them of the truth of my 
doctrine. All I require is, a careful exami- 
nation of it; and that, if in any part of it - 
appear unintelligible, I may have an opportu- 
nity of explaining the matter more fully.  - 
As the electric powers are a great principle 
of motion in the world, it 1s nnn 
£ „ © 
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the while to enquire into the truth of a doc- 
trine which ſo eaſily explains all the known 
phenomena of electricity in its natural and 
artificial operations ; which, without it, are 
inexplicable. „ 

As I do not know that any writer upon elec- 
tricity has conſidered it as conſiſting of two 


different diſtinct elaſtic powers, I am the leſs 


ſurpriſed that my doctrine is not readily ac- 
cepted; but ſurely, if it be true, it is not lefs a 


truth for my having ſingly hit upon it. A 
truth which will greatly conduce to ſpecula- 
tive knowledge, and that it may be applica- 
ble to practical knowledge, I have often ex- 
"ale particularly in the curing of the 


uman bod 


[ ſhall only trouble you with one experi- 


ment more, which, if any of the writers on 


electricity can explain by any thing which I 


have ſeen publiſhed about poſitive and nega- 
tive electricity, or a plus and minus of the 


ſame power, or by glaſs throwing out and 


wax drinking in the electric power, or by by 
I 


ſappoſed action of one ſingle power, I tha 
readily grant that I have troubled the Royal 
Society, with my doarine of two different 
diſtinct elaſtic powers, to very little purpoſe. 

I have two cylinders, one of glaſs and one 


of ſealing-wax ; each about five inches diame- 
ter. Which cylinders I can make exchange 


officets as often as I pleaſe ; that is, I can 


make the glaſs throw out the reſinous power, 


and electriſy the conductor and all other mat- 


ters 
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ters communicating with it in the ſame man- 
ner that wax generaily does; and I can make 
the cylinder of ſealing-wax, throw out the 
vitreous power, and electrify the conductor 
and all other matters communicating with it, 
in the ſame manner that glaſs generally does. 
Which ſhews, that both the different powers 
exiſt together both in the wax and in the glaſs, 
ſince I can alternately throw out which pow- 
er I pleaſe, either from the wax or from the 
glaſs. 
I can, with a rubbed piece of ſealing-wax, 
electrify a piece of bog down ſuſpended in {ilk 
with the vitreous power, and then retract that 
and elearify it with the reſinous power, and 
thus change the powers in the down ſeveral 
times without any freſh rabbing of the wax, 
or touching it to any other thing, which de- 
monflrates that both the powers exiſt together 
withoutſide the ſurface of the wax. Nor ſhall 
a ſpeQator perceive any difference in my man- 
ner of touching the down with the wax. 
[Theſe facts I have ſhewn to hundreds of peo - 
ple; who can atteſt the truth of what I write ; 
and many more experiments, which demon- 
ſtrate that two different diſtinct elaſtic 
ers of electricity do exiſt together in, all 
bodies. 

And upon ' theſe powers being equally at- 
trated by all matter, and their equal and 
ſtrong attraction and condenſation of each 
other, and their great elaſtic power, depend 
all the phenomena of electricity; and this 

LW: will 
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will be found true while things ſubſiſt in their 
preſent order. For the Creator eſtabliſhed the 
principles of motion and reſt invariable; for 
ſhould they alter or ceaſe, all muſt fall into 
wild diſorder and confuſion. | 

And now, fir, I muſt beg leave to addreſs 
you in your private character, and to requeſt 
a favour which I hope you will not refuſe, 
which is only to let me know whether my 
letters of the gth of Auguſt, 1757, 14th of 
February, 1758, and 26th of February, 1760, 
got to your hands. For if you received them, 
and they were not thought worth the atten- 
tion of the Royal Society, it may be imper- 
tinent to trouble them, you, or myſelf with 
any more eſſays on this, ſubject, tho it might 
well employ many hands for much more time 
to come. | 

I have been applied to by ſome friends to 
write ſomething fyſtematical on electricity, and 
particularly by fome phyſicians, to explain my 
method of applying the electrical powers to 
medicinal uſe; but if my papers are accepted. 
by the ſociety, I ſhonld rather chuſe to write 
eſſays than ſyſtems; but if not, I ſhall endea- 
vour to leave my diſcoveries and opinions of 
theſe matters to the world in another courſe. 


Jam, 81 R. 
your moſt humble and 
moſt obedient ſervant, 
HEN. ExLESs. 


s * Sent 
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Sent the foregoing letter, dated 20th of 
March, 1761, to the Reverend Thomas Birch, 
Secretary to the Royal Society, 


L E T T E R VIII 


Liſmore, 14th October, 1760. 
GEN TLEMEN, 
AVIN G lately received the volume of 
Philoſ. Tranſactions for the year 1757, l 
JI was ſurpriſed at meeting with two letters 
ſigned Eraſmus Darwin, Phyſician at Litch- 
eld, Staſfordſbire, beginning at page 240, 
which that gentleman is placed to call a con- 
futation of what I wrote to you on the cauſe 
of the aſcent of vapour and exhalation. In- 
deed with the liberties which he has taken, - 
he may confute or rather confound any author 
that ever wrote. But I believe this gentle- 
man is but a young philoſopher, for he ap- 
pears more ſtudious'to make a rhetorical flou- 
Tiſh, than to explain the matter which he 
writes about. I ſhall beg leave to tranſoribe 
his firſt paragraph, becauſe I think it ſounds 
well, tho' not much to the purpoſe. 
« There is ever ſuch a charm attendant up- 
* on novelty, that be it in philoſophy, medi- 
cine, or religion, the gazing world are too 
* often led to adore, what they ought only 
to admire: whilſt this vehemence of enthu- 
* ſiaſm has generally ſoon rendered that object 
* contemptible, that would otherwiſe have 
L 3. og 
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' „long laid claim to a more ſober eſteem. This 
was once the fate of chymiſtry; the vain 
* and pompous boaſts of her adepts brought 

the whole art into diſreſpect; and I ſhould 

be ſorry, if her ſiſter electricity ſhould ſhare 
the ſame misfortune. It is hence the inge- 
* mous Mr. Eeles will excuſe me, for endea- 

* vouring to lay before you my opinion on the 
* aſcent of vapours, tho' it by no means coin- 
* cides with that he is ſo ſtrenuous to eſtabliſh, 
and plucks a plume from his idol goddeſs, 

electricity. 

Here 1 think this gentleman might have 
diſtinguithed better between art and nature ; 
it is true that an art may ſuffer by the i impru- 
dence of its protciiors; but dame nature will 
go on with her work, whether we talk wiſely 
or otherwiſe about her ; and therefore he may 
lay aſide his concern. He has indeed told me 
two things which I did not know before, that 
electricity was a feathered goddeſs and an idol 
of mine; ſince he will have it ſo, he may 
have a plume for his pos when he can pluck 
it. 


He begins by telling you that I have ſaid, 
that every particle of vapour is endued with 
a portion of electric fire; and that there is 
no other ſufficient cauſe aſſigned for their aſ- 
cending. It is true that J then thought ſo, 
and till do think fo, and had I known of any 
ſufficient cauſe aſſigned, I muſt have been a 
moſt ignorant, impudent blockhead, to think 
of palming any other on the Royal Society, 

He then goes on thus, 
* My 


| LJ 

My deſign is therefore firſt to attempt to 
© ſhew, that another theory, founded on prin- 
* ciples better known, will ſufficiently explain 
the aſcent of vapours: and then, that ſome 
* kinds of vapours are not endued with a more 
or leſs than their natural ſhare of electric 
nn | 5 

The latter part of this deſign 1 ſhall readi- 
ly grant him is true, but for ſome reaſons 
which this gentleman fe&ms a ſtranger to; 
that is, that all bodies have a quantity of elec- _ 
tricity nearly in proportion to their ſpecific 
gravities; and that bodies do not become 
electrified by having a greater or leſs portion 
of electricity in general; but by an encreaſe 
of the one, and a proportional leſſening of 
the other power of electricity; for when the 
attraction of the leſſened power is dimmiſhed 
in proportion to, the quantity of the power; 
the encreaſed power expands itſelf into an ex- 
tenſive atmoſphere ; which is generally called 
electricity. So that thoſe who talk of an ac- 
cumulation of electricity, do not underſtand 
the action of theſe powers. This matter I 
have explained in a letter to Doctor Birch, of 
the 14th of February, 1758, and there given 
the general laws by which theſe powers adt 
on each other, and on the other parts of mat- 
ter. | | 
As to this gentleman's new theory founded 
on well known principles; I do think that it 
was well known that fire made the pot boil, 
and that the ſteams aroſe; but when he comes 

Hi L 4 | +20. - 
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to ſhew us how, it is by the immeaſurable ex- 
ſion of water in ſteam which renders it 
ſpecifically lighter than air; but I believe that 
he 1s the firſt philoſopher who ever did, and 
perhaps the laſt that ever will take ſeam, 
vapour, or cloud to be one continued expand- 
ed maſs of water; for he himſelf in the next 
page ſpeaks of the ſpherales and globules of 
vapour, In my letter concerning, the cauſe 
of the aſcent ot vapour, &c. I have demon- 
ftrated that the ſpecific gravity or expanſion 
of a body is not altered by dividing that body 
into minute parts; therefore, until he has 
ſhewn that every particle of vapour 1s a thou- 
ſand times more expanded than it was while 
a conſtituent part of the watry maſs; it is 
impoſſible for him to ſhew that it is ſuffici- 
ently ſpecifically lighter than air, ſo as to aſ- 
cend in it by the laws of ſpecific gravity. 
And here I may reſt this matter; but as there 
is ſomething extraordinary in this gentleman's 
manner of reaſoning, I beg leave to make a 
few obſervations. 

Firſt, he does not make any diftinQion be- 
tween the expanſion of the parts of bodies, 
or their being ſet at a diſtance from each other 
by ſome repulſive power; ſo that the immea- 
ſurable expanſion and condenſation of vapour, 
which has puzzled him, may not be in the wa- 
tery particles, but in that ſubtile power which 
keeps them aſunder. And that it is ſo, I 
think I can eaſily prove from the nature and 


— of the eleQric powers'y which Pr 
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will fully anſwer almoſt all the purpoſes (ex 
cept that of gravity) for which the great Sir 
Jaac Newton ſought for ſuch ſubtile powers 
of attraction and repulſion. And here I muſt 
beg leave to tranſcribe a few lines from that 
great author, where he ſuppoſes the neceſſa- 
ry exiſtence of ſuch ques eſpecially of re- 
pulſion. 
And that there | is ſuch u virtue, ſcems to 
follow from the reflections and infleQtions of 
** the rays of light. For the rays are repelled 
Aby bodies in both thoſe caſes, without the 
immediate contact of the reflecting or in- 
«* fleting body. It ſeems alſo to follow from 
A the emiſſion of light; the ray, ſo ſoon as it 
is ſhaken off from a ſhining body by the vi- 
«+ brating motion of the parts of the body, and 
gets beyond the reach of attraction, being 
driven away with exceeding great velocity. 
„For that force which is ſufficient to turn 
“it back in reflection, may be ſufficient to 
* emit it. It ſeems alſo to follow from the 
production of air and vapour. The parti- 
be 2 when they are ſhaken off from bodies 
heat or fermentation, ſo ſoon as they 
* are beyond the reach of the attraction of 
the body, receding from it, and alſo from 
* one another with great ſtrength, and keep- 
„ing at a diſtance, ſo as ſometimes to take 
* up above a million of times more ſpace than 
they did before in the form of a denſo body; 
_ © which vaſt contraction and expanſion ſeems 
* unintelligible, by feigning the particles of 
A e 
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**-air to be ſpringy and ramous, or rolled up 
* like hoops, or by any other means than a 
* repulſive power. The particles of fluids 
* which do not cohere too ſtrongly, and are 
* of ſuch a ſmallneſs as renders them moſt 
* ſuſceptible of thoſe agitations which keep 
* liquors in a fluor, are moſt eaſily ſeparated 
* and rarified into vapour, and in the lan- 
** guage of the chymiſts, they are volatile, ra- 
* rifying with an eaſy heat, and condenſing 
with cold.” Newtor's 31ft Query. 
Noc it is evident that this great man never 
1magined that this vaſt expanſion and contrac- 
tion of vapour was in the particles of vapour, 
but in that power which ſet them at a diſ- 
tance from each other. If the particles are 
not expanded, how do they become ſpecifi- 
cally lighter than air? If Mr. Darwin takes 
in the repulſive power to make out the ex- 
panſion, he then proves my ſyſtem ; if not, 
he has proved nothing toward the cauſe of the 
aſcent of vapour. | £5" 
And here, gentlemen, be pleaſed to obſerve 
the great conformity that there 1s between 
what this great man has ſaid about the pro- 
duction of vapour, and what I have ſaid on 
the ſame ſubjeR, in my letter concerning the 
aſcent of vapour; tho' he only reaſoned from 
the effects to a ſuppoſed cauſe, and I reaſoned 
from a known cauſe to the effects, without 
having his doctrine in view; nor do] recollect 
that I ever read his queries till long after my 
writing that letter; when they were occaſi- 
onally put into my hands by an ingenious 


gentleman, 
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gentleman, who had read Sir Jaac's works 
many years later than I had done. As I had 
tried many experiments on the human body, 
m ſucceſsfully curing paralitic, rheumatic, 
and other diſorders, merely by the electric 
powers; and obſerving their wonderful ef- 
tes on the nerves in reſtoring them to a due 
modification, fo as to enable them to perform 
their proper functions, I was led to think that 
our ſenſes may be performed by theſe powers; 
particularly, ſeeing and hearing. On my tel- 
ling this geritleman my opinion, he defired 
me to take care not to give that as my own, 
which was ſaid by another; and then brought 
Sir 1/aac's Queries, wherein, eſpecially at the 
23d query, I found, very nearly, what I had 
ſaid to this | gentleman. But to return to 85 
ſubject. ! 

I need not have applied to fs great an au- 
thority, as Sir Jaac Newton's, for the forma- 
tion of vapour; ſince it is evident to the 
ſenſes of every man, who will enquire pro- 
perly, that vapour is emitted in exceeding 
minute, diſtinct particles, and that it does 
aſcend in that form; and that above there is 
a colliſion of theſe particles to form larger 
particles, ſuch as compoſe miſts, and that 
they farther coaleſce till they come down in 
miſts, rain, ſnow, hail, and ſuch heavy drops 
as form thunder-ſhowers. When I found 
that all aſcending vapour was really electri- 
fied, I thought that the expanſion of that 
power was ſufficient to carry up the parti- 
Cp and, to bring them down again, I uſed 

the 
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the moſt probable means I could then think of. 

However, there was one thing which I could 
not poſſibly explain; that is, how the whole 
quantity of electricity, which aſcended, was 
ever to return to- the earth again. And 
this enquiry prevented my fending you that 
letter, for at leaſt a year; till at laſt, tired 
with the ſearch, and finding the reſt of my 
ſyſtem very conformable to the phenomena 

of nature, I let it go with that known de- 
tet And in this puzzle I might have gone 
on to the end of time, if I had not diſcover- 
ed, upon a farther reſearch into the nature 
and actions of electricity, that electricity 
conſiſted of two different, diſtinct, elaſtic 
powers, which always ſtrongly attract and 
condenſe each other; and, therefore, when 
they are equal in quantity to each other, 
they condenſe each other into ſo ſmall a com- 
paſs, that they exert but little ſenſible action; 
but when the equality of quantity is altered 
by a diminution of the one power, and an 
increaſe of the other power, then the increaſed 
power has a power of expanding itſelf in pro- 
portion to the ſubtraction of the other at- 
tracing power, by which means it forms it- 
ſelf into what we call an electric atmoſphere; 
which atmoſphere will repel any other atmoſ- 
phere raiſed from the ſame power of electri- 
city, but will attract any atmoſphere raiſed 
from the other power of electricity. Theſe 
atmoſpheres are always formed with an incre- 
ment of rarity as they recede from the leſſen- 
ed attractive power, which leſſened power 


always 
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always acts inward to the body which is elee- 
trified. Theſe powers I have before called 
the vitreous and the reſinous, only for diſtinc- 
tion, as the glaſs generally throws out the 
firſt, and wax the ſecond ; not but that I can 
raiſe either of the powers from the glaſs, or 
from the wax; nor do I know of any differ- 
ent eſſential characteriſtit to diſtinguiſh them 
by. Theſe powers are equally and ſtrongly 
attracted by all matter; and are always found 
adheſtve to all matter, nearly in proportion 
to the ſpecific gravity of the matter, as far as 
I have been able to judge. Nor is it eaſy to 
ſubtract any part of either of theſe powers 
from any part of matter, without adding an 
equal portion of the other power; which ad- 
dition it will retain, until it is ſupplied with 
an equal quantity of the power firſt ſubtract- 
ed. So that when any body is electrified with 
the vitreous power, and you take a ſpark 
from it with your finger, there is juſt as much 
of the reſinous power paſſes from your finger 
into the body, as there is of the vitreous paſ- 
ſing from the body into your finger. 
Now, the general law by which theſe 
owers act on each other is this; that a 
vitreous atmoſphere repels another vitreous 
atmoſphere, with a force exactly equal to 
that with which it attraQs a''refinous at- 
moſphere of equal denſity with the repelled 
vitreous atmoſphere : and ſo, vice verſa, of 
the reſinous atmoſphere. — + = 
And, the attracting and repelling atmoſ- 
phere (of either kind) acts with a force pro- 
N portional 
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portional to, and encreaſing with, its ows 
denſity: That is, the farther a body is im- 
merged into an electric atmoſphere, the 
greater force it is attracted with; as all 
electric atmoſpheres have an increment of 
rarity outward from the electrified body. 
But, for a farther explanation of theſe laws, 
and experiments to prove them, I muſt beg 
leave to refer to my letter to Doctor Birch, 
of the 14th of February, 1758. | 
From a great number of experiments 
which I have made, I find. that the clouds 
are cleArified, ſometimes, with the one pow- 
er, and ſometimes with the other power of 
electricity; and that the change is often 
very ſudden, for one cloud ſhall paſs ſtrong- 
ly electrified with the vitreous power, and 
another ſhall approach, in three or four mi- 
nutes, as ſtrongly eleArified with the re- 

ſinous pawer. VEIN 
But I never had an opportunity of obſerv- 
ing that this change happens ſo often as Mr. 
Canton ſays it does, ſometimes five or ix 
times in half an hour. And I hope this 
ingenious gentleman will excuſe my telling 
where his miſtake may ariſe from his man- 
ner of trying this experiment. His method 
is with two very ſmall cork- balls, ſuſpended 
from the end of a wire by linen threads ; 
and then, (when they are eleQrified) by 
bringing rubbed ſealing-wax, or glaſs under 
them, he thinks they are electrified poſitive- 
ly, or negatively, according to the attraction, 
or repulſion of the wax or. glaſs. But, in this 
=” : © 
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he is much miſtaken, by following the doc- 
trine of poſitive and negative electricity, &c. 
and for want of knowing the real action of 
the different powers of electricity upon each 
other. For, let him fix his wire to a large 
body, ſuſpended by ſilk, and let that body be 
electrified by wax till the balls repel each 
other; then let him bring wax, well rubbed, 
under the balls, and they ſhall be attracted 
to the wax, inſtead of being repelled; or, if 
the wax is very lightly rubbed, the balls 
ſhall be repelled from it. The reaſon of 
their being attracted is, that the wax being 
more electrified than the body, the reſinous 
power of the wax repels the reſinous power 
of the balls up the linen thread, and attraqs 
the vitreous power of the body into-the balls, 
which are then cle&rified by the vitreous 
power, and, conſequently, attracted by the 
wax. In the ſecond caſe, where the wax is 
but little electrified, it repels the balls, 
without forcing their reſinous power up the 
threads. But, the way to try this experi- 
ment with more certainty, would be to ſuſ- 
nd a piece of bog-down by ſilk, a foot 
ong, from the end of a ſtick; and then, 
touching the down with the end of a lon 
wire, the down will be electrified; and then 
you may know by which power, by the rub- 
bed wax, or glaſs; as the powers cannot 
change place ſo. eaſily through the ſilk, as 
they do through the threads. There is ano- 
ther great miſtake to be corrected; for, he 
ſeems to think that the balls are electriſied 
E197 with 
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with the ſame power with which the clouds 
are electrified; but the balls are always 
electrified with the contrary power, which 
is drawn up from the earth through him by 
the oppoſite: power of the clouds. And this 
may be eafily tried, by placing a long iron 
rod, with needles at top, in a bottle to be 
charged by the clouds; and he will conſtant- 
ly find-the inſide or top of the bottle, fo 
charged, eledtrified with the power contrary 
to that with which the balls, or down, is 
eleQrified. - But the needles at the top of 
the rod will be electrified by the ſame power 
which electrifies the down and balls; becauſe 
that power is there drawing off from the in- 
ſide of the bottle, in exchange for the con- 
power, which comes into the bottle, 
while the bottle is charging. I may here ap- 
pear prolix; but much more is neceſſary to 
explain this matter fully; which, for the 
preſent, I ſhall poſtpone. It would be a 
great matter, if we could diſcover how theſe. 
clouds come to be electrified with the differ- 
ent powers; which certainly muſt happen in 
their firſt emiſſion from the maſſes of which 
they are compoſed. The purſuit of this en- 

quiry I would earneſtly recommend. 
Since it is now evident that the clouds are 
often electriſied with the different powers of 
electricity, and that ſuch clouds are often in 
near approach to each other; and ſince I have 
diſcovered that electricity conſiſts of two dif- 
ferent diſtinct powers, it is eaſy from the laws 
which TLhave given, for the action of theſe 


powers 
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owers on each other, fully to explain the 
cauſe of thunder; and to ſnew how the par- 
ticles of vapour coaleſce to form ſtill larger 
particles, till they come down in miſts, rain, 
ſnow, hail, and heavy ſhowers; and bring 
down their whole quantity of electricity with 
them, which before buoyed them up. But 
before I proceed, I beg leave to mention one 
experiment which I made, to ſnew the ama- 
zing expanſion of thoſe powers, and through 
what an incredible ſpace they will diffuſe 
themſelves by their own elaſtic, power, when 
the attraction of the other power is taken off, 
by leſſening that power as far as we can by 
the electrical apparatus, which is far from 
an entire ſeparation of theſe powers; and th 
aſtoniſhing - retraction and condenſation 
that eee when the powers are again 
rendered equal in quantity to each other. I 
ſuſpended a tube of ſheet; lead, ſeyen feet 
long, and near three inches diameter, in ſilk 
lines; I then placed a piece of bog- down on 
the end of a wire, on a horizontal level 
with the tube, and pointing. towards it 3 1 
charged a phial coated with lead, and twelve 
cubic inches of water in the phial. Upon my 
holding the phial in my hand, and giving a 
ſpark to the tube, I found that the atmpfs 
phere of the tube moved ſome of the fibre 
of the down, by attraction, at the diſtance 
more than ſeven feet; an aſſiſtant then; took 
off the atmoſphere of the tube, by touching 
wee eee eee eee By 
Herm s 1V | was 
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was moved at the diſtance of eighteen inches: 
So that, meaſuring theſe atmoſpheres in a de- 
ereaſing ſeries en above fourteen feet to 
three feet diameter, I found they contained 
twenty millions of times the ſpace vhich the 
water in the phial took up. Yet all this elec- 
tricity (according to the doctrine of poſitive 
and negative electrieity) was lodged in the 

the water, without the leaſt ſenſible 
enereaſe of the water. But here I muſt not 
let a known error go, for the greateſt part of 
theſe atmoſpheres never was in the phial; but 
each ſpark from the bottle added ſomething 
to one power in the tube, and at the ſame 
time took an equal quantity, from the other 
power in the tube, into the phial; and then 
the encreaſed power of the tube expanded it- 
felf into an atmoſphere; together with the ad- 
ditional quantity wy ich it received from the 
phial. For had the tube been much leſs,” the 
atmoſpheres world not have been ſo exten- 
ſive 5 however,” the expanſion of that which 
wes really in the bottle is 1 For Sir 


Laae Nerat has ſhewn that 3 ches 
to a body within the 1-89 000 part of an inch 


before it is reflected; and as I have wks 
voured, in my letter to you of the 26tli of 
February, 1568; to ſhew that the electric 
powers are the cauſe of reflection and refrac- 
tion, it is highly probable that the two dif- 

rent pe wers are condenſed within that diſ- 
tance from the ſurface of the bottle (and I 
mention this experiment moſtly in re _ - 


by od refleQion and refracting of light.) Þ 
= — 
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a ſmall portion of one. of theſe powers can 
diffuſe itſelf through a ſpace ſome millions of 
times larger than what the whole bottle takes 
up, what amazing difference mult there 25 


between its greateſt expanſion and condenſa- 
tion; and yet the molt extended electric at- 
moſphere is retracted and condenſed in an 
inſtant, The reaſon why the water in the 


bottle is never increaſed or decreaſed in charg- 
ing or diſcharging the bottle, js becayle there. 


is always the fame quantity of electricity in 
the water; for as one power goes gut, an 
equal quantity of the other comes in. 

It was known to Mr, Franklin and others, 
that there was no more electricity in the bat: 
tle when charged, than there was when diſ- 


ge 


charged; but till I had diſcovered the action 
of the different powers of electricity, it was 
impoſſible to explain this matter by one fin-. 
gle power of electricity, or to explain any one 
phænomenon ariſing from electrical expe- 
riments. I hayes ſhewn, in my letter of 
the 14th of February, 1758, that there is 
ſomething more of the electric powers in a. 
bottle highly charged, than when diſcharged ; 
which appears from the bottle's recharging of 
felt, after it has been ſeemingly entirely 


diſcharged. _ „ RS 

come now to ſhew how that eledricity 
which buoyed up the vapours may he 19 77 
condenſed, fo as to let the yapours' fall in 
miſts, rain, &c. and to return with them to 
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Suſpend, by ſilk, two large metal tubes, or 
bodies of any kind, which will conduct elec- 
tricity (or two pieces of bog-down, in which 
the attraction, expanſion, and condenſation 
of the electric powers will be more plainly 
ſeen) and eleQrify them ever ſo highly, but 
equally, with the different powers of electri- 
city; that is, one with a glaſs globe, and the 
other with a globe of ſealing-wax ; when 
theſe bodies approach they will flaſh into 
each other, and upon contact their extenſive 
atmoſpheres will be condenſed into an'inſen- 
ſible one; the different powers of electricity 
being then rendered equal in quantity in each 
body, and, conſequently, condenſing each 
other into almoſt an inſenſible compaſs. But 
if one body was more electrified than the 
other, then, after contact, they will both 
remain electrified with the exceſs of that 
et which was moſt in the body that was 
moſt electrified. When two Buds which 
are highly electrified with the different pow- 
ers, approach each other, the ſame thing will 
happen; for as ſoon as the extreme parts of 
their atmoſpheres begin to meet, they will 
attract each other with an encreaſing force 
as they approach, till they flaſh in exchanging 
their different powers. But, as clouds are 
formed of diſtinct particles, and every, parti- 
cle has its ſhare of both the electric powers, 
and according to the equality or inequality of 
quantity of each power in each particle, the 
particle is more or leſs electrified; various and 
numerous muſt the ways be, in which clouds 
approach 
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approach cach other, and in which they ex- 
change their different powers. 7 


clouds, happens when the electrified particles 
of the cloud are brought to approach each 


other ſo near, that their atmoſpheres are 
preſſed off together to a great diſtance from 
the cloud, and act nearly in the ſame manner 
as if the cloud was one continued body; but 


after the flaſh thoſe particles, which have 
fully changed powers, ſo as to have the elec- 


tric powers equal in each particle, muſt have 


their atmoſpheres condenſed, and conſequent- 
ly the electric powers are of no farther uſe to 
buoy them up, and therefore they come down 


as we ſee them do. That theſe atmoſpheres 


are extended to a great diſtance from the 
cloud, appears from all the foreign and do- 
meſtic experiments, but more particularly 


from thoſe which I have made; for in them 


it is plain, that an atmoſphere is drawn up- 


from the earth, of the power which is con- 


trary to that of the cloud; which would not 
be if the atmoſphere of the cloud did not 

reach the earth. When one of theſe highly 
electrified clouds approaches ſo near the 2 
as to exchange powers with the earth, then 


is the damage done to thoſe things through 


which the exchange is made; which muſt 


be thoſe bodies that riſe neareſt the cloud. 


And here I may quote ſome of the foreign 
experiments and obſervations (which the ex- 
t 


Pe riments could not e xplain) which will. ſhew 
that the atmoſpheres of the clouds are con- 
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The caſe above-mentioned. of thunder 


* 


— OC IO OG — ——— —— — —-— . 2 — — — 2 ¶ f 2 — 


rr — ths — 


n 

denſed at the time of their joining with the 
flaſh; and that the atmoſphere, drawn up 
from the earth, is alſo then retracted again 
So =. Se | | 

In the 47th vol. of Philoſ. Tranſ. page 550 
and 551, Mr. Ludolfs 4th obſervation : At 
every clap of thunder the electricity ſeemed 
extinct, and returned not till after thirty ſe- 
conds, or thereabout, and ſometimes longer. 


Sixth Obſervation : They put a thread upon 


the wire, the two ends of which hung down ; 
which ſhewed electricity, by mutually repel- 


ing each other; for at every flaſh of lighten 


ling, they approached each other ſuddenly, as 
if they had been puſhed one againſt the other 
by force. Same vol. page 557, Abbe No/let's 
letter: And it even ſeemed, that the clap of 
thunder put a ſtop, for a very ſhort time, to 


the force of the electricity. Page 559, Mr. 


Mylius of Berlin: It was alſo continually ob- 


ſerved, the effects were greateſt when the 


lightning was neareſt; and that, for ſome 
moments after the lightning, the effect ceaſ- 
ed, but returned and encreaſed by degrecs. 

All theſe obſervations, and many more, [ 


have made; but to give them more weight, 


J have troubled you with theſe quotations. 
Ent this matter is eaſily demonſtrated, by the 
electrical apparatus. Let two cork balls be 
ſuſpended by linen threads from the end of a 
wire, and brought within the atmoſphere of 


8 


an electrified conductor, they will be electri- 
fied with the power, which is contrary to that 


— * 1 


which electrifies the conductor, and repel 


each 
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each other, but will be attracted towards the 
conductor; but when a flaſh is taken from 
the conductor, the balls inſtantly fall toge- 
ther; that electricity, which is drawn into 
them from your body, by the atmoſphere of 
the conductor, being again retracted into your 
body. 
It often bappens that clouds are highbj clec- 
trified and attract each other, and that their 
particles attract each other into contact, and 
exchange powers, without that violent flaſh 
which conſtitutes thunder; and that the at- 
moſpheres of the particles are by that means 
condenſed, and loſe their repulſive power, 
and run into farther contact with each other 
by the general attraction of gravity, and by 
accidentally impinging upon each other in 
their fall, and thus come down in heavy 
ſhowers. Now when two clouds thus attract 
each other into one, the particles muſt attract 
each other into contact, and exchange powers 
moſt in the middle of that cloud, and have 
their atmoſpheres condenſed, and conſequent- 
ly come down in the heavieft drops; and, ac- 
cordingly, the heavieſt part of the ſhower is 

always from the middle of the cloud. To 
prove this doctrine, I could produce a great 
number of experiments, which I have made 
on the clouds; but ſhall only mention the 
laſt, which was on the 29th of October, 1700, 
when the clouds were very diſtinct, and the 
ſhowers heavy. In three different clouds, 
found the ing of each cloud electrified 
with the 'vitreous power; in the” middle of 
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each ſhower no ſign of electricity; and, in 
the end of each cloud, I found the reſinous 
power of electricity. Wind, N. W. The 
reaſon why there was not any appearance of 
electricity in the middle of the ſhowers, was 
becauſe the electric powers were equal to each 
other in every drop, and therefore their at- 
moſpheres were condenſed into inſenſible 
ones. | 7 

It often happens that rain, hail, and ſnow 
do exhibit ſigns of being electrified ; becauſe 
the clouds are ſeldom ſo equally electrified 
with the different powers of electricity, as, 
upon meeting, to render the powers of elec- 
tricity equal in each deſcending drop. And 
this is moſt evident in large flakes of ſnow; 
for when they come very near a non- electric 
body, they are drawn to it, and cling into 
it, in the ſame manner that an electrified 
feather does. n 
Now, gentlemen, I believe I need not 
trouble you with a prolix detail, to ſhew how 
clouds differently electrified with the differ- 
ent powers may approach each other ; or how 
the particular particles may attract and run 
into each other, and have their atmoſpheres 
condenſed according to the different degrees 


in which they were electrified by the differ- 


ent powers; ſince the general laws, which I 
have given for the action of the electric pow- 
ers, will explain all the phænomena ariſing 
from electrical experiments, which I know of, 
at leaſt I never found them deficient in any 
experiment which I could think of making; 
22 | > -F 8 whether 
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' whether I reaſoned from the laws to the ef- 
fects, or from the effects to the laws. And, 
therefore, I think I may claim the honour of 
having diſcovered this new doctrine of elec- 
_ tricity, without the. knowledge of which, I 
think it is impoſſible fully to explain any one 
phenomenon ariſing from electrical experi- 
ments. But if any ingenuous gentleman can 
ſhew me where thoſe laws or properties of 
electricity are wrong, I ſhall be really obliged 
to him; for I am much more deſirous to diſ- 
cover truth, than to appear as an author. 
And now, gentlemen, I hope that you will 
excuſe my pointing out ſome of the abſurdi- 
ties of Mr. Darwin's theory, which contradict 
the reaſon and experience of all mankind, 
He firſt ſuppoſes that water is ſo far expand- 
ed by heat as to riſe in the atmoſphere by 
the laws of ſpecific gravity ; and then that it 
s better ſupported in a rarer and colder part 

of the atmoſphere above, than in a warmer 
and ; denſer part of the atmoſphere below; 
he ſays, becauſe the preſſure of the atmoſ- 
phere is leſs above, and for that reaſon the 
water can better expand itſelf. If vapour 
ariſes by the laws of ſpecific gravity, it muſt 
| aſcend quickeſt where the preſſure of the at- 
moſphere is greateſt, the expanſion of the va- 
pour remaining the ſame. And it is impoſſi- 
ble to ſuppoſe that the expanſion of vapour is 
encreaſed by heat above, where vapours are 
ever found colder than the circumambient 
air, and the circumambient air there, always 

colder than that below. This is a fact well 
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| known to every man, that had his feeling, 
who ever paſſed over high mountains. He 


ſays that he is perfuaded, that was it not for 
the preſſure of the ſuperincumbent atmoſ- 
phere, greatly leſs than that of boiling water 
would inſtantly diſperſe the whole ſo heated 
into vapour. But would this gentleman have 
us ſuppoſe that this vapour is to ariſe by the 
laws of ſpecific gravity, where there is not 
any medium erg: heavier for it to riſe 
in? When the impulſive or repulſive force 
ceaſes, which diſperſed it, muſt not this va- 
pour return inſtantly to the earth by the ge- 
neral laws of gravity? Does this any way 
point out the cauſe of the aſcent of vapour, 
or ſhew us how the clouds float by the laws 
of ſpecific gravity, which they evidently do? 
Indeed he. has found out one extraordinaty 
way of ſupporting them, which is by the mo- 
tion they acquire from the winds. This might 
do, if the wind blew from the Nadir to the 


Zenith; but as it generally blows on a hori- 


zontal level, I think it may as well blow 
them down as up. He then quotes the opi- 
nion of Sir Iſaac Newton, to ſhew that bodies 
are only heated by reflection and refraction 
of the ſun beams. How he came to imagine 
that this was Sir Haac's opinion, I can't con- 
jecture; for Sir Jade's eighth propoſition, of 
is ſecond book of Opticks, ſtands thus: 
The cauſe of reflection is not the imping- 
ng of light on the ſolid or impervious patts 
of bodies, as is commonly believed; and this 
Sir Jaac has fully proved, both as to reflet- 
Er tion 


RG 
tion and refraction; an all experience ſlews 
that black opake bodies, which produce but 
little reffection or refraction, are exceedingly 
more heated by the ſun, than diaphonous bo- 
dies, where the reflection and refraction are 
exceedingly great. Place a convexo convex- 
glaſs oppoſite the ſun, and at the ſame time 
a black body of the ſame magnitude, and you 
will find the one grow very hot, while the 
other retains but very little heat. 

This gentleman's chief principle is, that 
the ſun heats vapour, but does not heat the 
air: But, leſt you may think I miſtake him, 
pleaſe to hear his own words. Gu 
The ingenious Mr. Eeles, I dare ſay, has 
already foreſeen the uſe I am going to make 
of this principle; viz. That the little ſphe- 
rules of vapour will thus, by refracting 
< the ſolar rays, acquire a conſtant heat, tho' 
the ſurrounding atmoſphere remain cold. 
I think that this gentleman ſhould have 
produced ſome better proof of this matter, be- 
fore he endeavoured to make us diſcredit our 
ſenſes. . Does not every man know the air is 
warmer at one time than at another, and that 
it is ſometimes; very warm? If the ſun does 
not warm the air, deſire to know what does 
warm it? As to his aſſertion, that clouds are 
warmer than the circumambient air, I declare 
that it is entirely falſe; and I appeal to the 
experience of every, man, who ever palled | 
through them on the ſides or tops of high 
mountains, Whether he has not conſtantly 
found them to be damp, chilling fogs, much 
colder 
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colder than the circumambient air; and ſome- 
times the particles ſo large as to wet a man 
conſiderably; tho” in paſſing from one moun- 
tain to another they do not let any of their 
wet fall into the valley between. All this I 
have experienced a thouſand times; - there- 
fore Mr. Darwin muſt excuſe me for chuſing 
to be guided by the evidence of my owh fen- 
ſes, rather than by his aſſertion. 

But if I muſt produce an authority for what 
is well known to ſo many thouſands, pleaſe 
fee Dr. Pey/ſoneld's account of the Brimftone- 
Bill; 49th vol. Phil. Tranſ. page 571 : Be- 
< ſides the fine proſpe you enjoy at the top 
* of this mountain, you have the pleaſure, as 
father Du Tertre obſerves, of ſeeing the 
clouds gather below, and hearing the thun- 
der rumble under your feet. We actually 
ſaw the clouds riſe from the ſea, and ſpread 
over the land on the ſide of the wind, and 
ſometimes paſſing where we ſtood, and ſome- 
times lower. Theſe clouds are no other 


than damp fogs. The Brim/tone-hillis ſel- 


dom clear of theſe damp fogs.” And in the 
receding paragraph he tells you how the na- 
Fed negroes often have their blood chilled by 


_ theſe damp 108, ſo as to periſh by it. 


Mr. Darwin ſays, from conſidering this pow- 
er of expanſion, which the conſtituent parts 
of ſome bodies acquire by heat; and withal, 
that ſome Bes Fave a greater affinity to 


heat; that is, acquire it ſooner, and retain it 


longer, than others ; that many things,” be- 
fore utterly inexplicable, became eh un 
1 n ern 
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derſtood by him; particularly how that pon- 
derous body, mercury, may be raiſed into va- 

ur. But, unluckily, he has not-told us 
550% theſe matters became eaſily underſtood 
by him, or how they may be eaſily under- 
ſtood by us. I muſt confeſs, that if he could 
explain how the particles of mercury may 
float upon the air, that then he may eaſily 
explain how the particles of water may float 
there; but till he has done one or the other, I 
' ſhall leave his theory to be farther conſider- 
ed by thoſe who think it worth the while. 

The deſign of this gentleman's ſecond let- 
ter is, according to his own words, entirely 
to deſtroy the probability of my notions, and 
to give an additional ſupport to his own theo- 

And then he ſays, For this purpoſe, 
« our firſt endeavour will be to ſhew the un- 

e certainty of ſome of the moſt material prin- 
* cjples that ſupport his arguments; and af- 
* terwards the fallacy of the experiments he 
* has given us. 

-« Firſt, then, in page 130, Mr. Eeles has 
« aſſerted, that the greateſt polſible rarefac- 
« tion of water is when it boils. 

This he has taken from a curſory obſerva- 
tion of mine, which ſtands in theſe words, 
and which I think may ſtill keep their place. 
3 And here I muſt obſerve, that it has not 

yet been explained how water can be dila- 
« ted, ſo as. to occupy eight hundred, or a 
6 thouſand times the ſpace, which it naturally 
does. For I, think, the greateſt expanſion 

*it ſuffers: by boiling (the greateſt heat we 


* can 
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can give it) is not more than a nineteenth 
* or twentieth part of what it was before.“ 
This gentleman accuſes me of a confuſion 
in terms, while himſelf has bred the confu- 
fion ; for he has changed my word, dilated, 
into the greateſt poſſible rarefaftion © By di- 
latation, I meant that expanſion which bodies 
ſuffer, ai e any ſeeming diſcontinuity of 
their parts: Rarefaction, I know, is often 
applied to the dividing a body into innumex- 
able parts. He then goes on thus. | 

* In page 133, the Phere of electrical acti- 

« vity is faid to be encreaſed by heat. If by 

electrical activity is here meant an encreaſe 
of its repulſive power (the thing which 
ſeems to be wanted in Mr. Eeles's hypothe- 
« ſis) I know no experiment to ſhew it.” 

I can eaſily grant that this gentleman may 
be ignorant of experiments to prove this and 
many other matters that are neceſſary to a 
moderate underſtanding of electricity; but if 
he wanted eyes, would he, for that reaſon, 
perſuade us that there was not any light? If 
it be required, I can produce experiments 
which Tully prove that the electrical powers 
are expanded by heat: A clear knowledge 
of which i is very neceflary to a right under- 
9 of the action of theſe powers in ma- 

of the ol of nature, and many. of 

ok ſe of art, where natural powers are made 
uſe of. In the next paragraph he endeavours 
to perſuade : us, that racy does not act 
upon the air; tho”, th rec lines before, he 


ſays, that be nos that the electric Ether. i is 
attracted 
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— at very great . diſtances,” in pa- 
Tho many experiments do prove that 
clectoity does act upon the air, I ſhall, refer 
him to Mr. William. Watſon's. experiments in 
vacuo, in the 47th vol. of Philol: Tranſ: page 
362, where he has. taken a great. deal of pains 
to ſhew that air does act upon electricity, in 
confining it to non electric bodies. If this be 
true, I think we may boldly affirm that. slec- 
tricity re- acts upon the air. And I haye not 
any reaſon to doubt Mr. Watſon' 8 daQrine (as 
far as it relates to the preſſure of the air upon 
an electric — but that he now re- 
commends Mr. Darwin's doctrine, which is 
directly oontrary; which may be from ſome 
new diſcoveries which I am not — 
with. THis 
oa illuſtrate that air nent ated: upon by 
cleAricity, Mr. Daruin produces anne 
ment with a long-necked bottle ſuſpended by 
ſilk, with the neck downwards, immerged in 
oil of turpentine, ſupported hy an electrie; 
and the inſide of the bottle lined with gilt 
paper; and then warmed ſo, that, when, cold, 
the oil was forced up half way, the neck. 
Then with a bent wire he electriſied the in- 
ſide of the bottle ; and findigg that the oil 
was not forced out of the bottle, he concludes 
that the electric atmaſphere did not ad upon 
the air. If this gentleman bad conſidered the 
force neoeſſary te move this cou of, oil, 
which force muſt be able to ſuppoxt a column 
of the ſame height, and a bhaſe equal to the 


wholp ſurface of che inlace of th bot; 589d 
that 


11 


wi; „%„%ĩ 


- 2 20 — — — —— 


25 
— , , , AO AE HAAS EE AO 
— 


{1 
it] 
_ 


3 =} 

that air is an elaſtic body, and that the elec- 
tric atmoſphere is exceedingly ſo, perhaps his 
ſurprize may leſſen. And if he will pleaſe 
to add to this what I have ſaid in regard to 
charging the Leyden bottle, that as one power 
of electricity goes into the bottle, an equal 

quantity of the other power comes out; and 
to conſider how minute a part of that power, 
which predominates in the bottle, is e 
ed into an atmoſphere, he will ſcarcely chink 


the force of this atmoſphere equal to the force 


which I have ſaid was neceſſary to drive the 
oil out of the bottle. Add to all this, that 
this atmoſphere has a power of paſſing thro' 


the glaſs; which he may eaſily try, by touch- 


ing the outſide of the bottle with a piece of 
bog-down ſuſpended by ſilk, and he will find 


the outſide of the bottle as much electrified 


as the inſide, and with the ſame Power of 


electricity. I could now produce an experi- 
ment which would nearly aſcertain how much 


an electric atmoſphere preſſes upon the air in 
ſuch a bottle; but chat [ fear] may" tire: your 
D | 

In the next Parlgia pn Mr: Dire tals us, 
that he had formerly tried this experiment va- 


rious ways, in order to make the electrio mat- 
ter anſwer the end of ſteam in the ſteam- en- 
gine, and many other great mechanical pur- 


In this T think he has given us a full 


proof of a ſtrong inventive faculty, anda clear 
unbiaſſed Judeimeiny (which, in the beginning 


of his letter, he ſays, are neceſſary for making 


ExPerimerits) for I 0 ſay that he did 5 
ſtea 
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ſteal this deſign from any man living ; to-ap- 
ply a power to great mechanical purpoſes, 
without knowing any thing of the force which 
AE power acted with, or its manner of act- 
, And yet 1 can tell Mr. Darwin, that 
the buſineſs of the ſteam-engine is moſtly car- 
ried on by the electric powers; but ſhall not 
now ſtop to explain this matter. If Mr. 
Darwin has a mind to enquire how theſe 
ſubtile parts of matter act on each other, I 
would deſire him to enquire how it comes to 
paſs, that in a room filled with air, the rays 
of light can croſs each other in ſo many mil- 
lions of angles, as is neceſſary to give the eye 
a power of ſecing any part of the room, to 
which a right line can be drawn, let the eye 
be moved as often as you pleaſe from its-firſt 
ſtation; next, how all the operations of electri- 
city can be carried on in the ſame room ; al- 
ſo, all the operations of magnetiſm ; the opera- 
tions of culinary heat, and all the effects of 
gravity, by which eve particle of the whole 
is affected; and yet theſe powers give but 
little obſtruction to each other, which can, be 
made evident. to our ſenſes. When Mr. 
Darwin has explained theſe things, it may 
help me to explain his experiment. 
Mr. Darwin now proceeds to ſhew you. the 
fallacy of my experiments; but, unluckily, 
as far as he has gone, he has proved the truth 
of them; viz. that aſcendin vapour does 
paſs by electrißed bodies, without diveſting 
them of that power which electrified them. 
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without a perfect knowledge of the action of 
the different powers of electricity. Indeed 
he has ſhewn a thorough ignorance in making 
electrical experiments, and ſubſtituted a mon- 
ſtrous falſity of his own. Firſt, he ſuppoſes 
that the Leyden bottle, a dried feather, a dried 
cork, and the bog-down, which J have men- 
tioned, are cqually fit to try electrical expe- 
iments with; whereas a dried feather and 
the on phe: are as different matters for this 
purpole, as glaſs and metal. He fays, that 
the Leyden bottle may be touched three 
or four times by a quick finger, before the 
whole is diſcharged. While the bottle was 
ſuſpended by ſilk, I have touched the top and 
bottom alternately with my finger, ſeventeen 
hundred times before it was diſcharged ; tho 
there were but twelve cubic inches .of water 
in the bottle. A dried feather will not con- 
duct electricity more than dried lilk, or glaſs, 
and therefore, like them, when electrified, 
may be touched in many parts, before all the 
power is withdrawn, by which it was eléctri- 
ed. A dried cork acts ſomething in the 
fame manner; but the bog- down conducis 
electricity nearly as quick as metal; and, 
therefore, when electrified, cannot be touch- 
ed by the finger, in any part, for half a ſecond 
before all ſigns of its being eledrified difap- 
pear. A piece of this down, ſufpended by 
ilk, againſt the fide of a conductor, will play 
between the finger and conductor, while the 
wheel. is turning, fo quick, that the filk, by 
. which it is ſuſpended, will appear like a nar- 
row 
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row ribbon; and it is evident, that while it 
moves to the conductor, it is electrified with 
the one power ; and when it moves from the 
conductor, it is electrified with the other 
power of electricity. Yet has Mr. Darwin 
the aſſurance to tell the Royal Society, that 
this down may be touched At intervals, for 
half a minute, by the finger, or any known 
conductor of electricity, before it waold part 
with its electricity. This experiment is ſo 
very eaſily made, that the Royal Society can- 
not long doubt which of us has told them an 
untruth. Mr. Darwin's words ſtand thus: 
From whence I apprehend, that Mr. Eees, 
having dipped the electrified dawn of the 
* juncus bombicinus in vapour, for perhaps 
„half a minute (for no time is mentioned) 
« and finding it ſtill retained its electrie at- 
traction, was not aware that this ſame had 
„happened, if he had by intervals touched 
* it with his finger, or any other known cans 
ductor of electricity.“ 

In my letter, where I have mentioned this 
matter, my words ſtand thus: But to try 
e whether the ſteams, &c. were non-edledrics, 

« I only bedewed the wax and glaſs with my 
" bens ſteams, &c. from my hand to the 
end of the wax and glaſs; and then touch- 
ing the electriſied down with the end of the 
* wax or glaſs, I found that the electriral fire 
immediately paſſed from the — into m] 
„hand, e the ſteams, &. which reſt- 
1 ed upon the Wax and glaſs.“ ein mnt 120 

N whether this ſtrange apprehenſion. of 
Me. nn * he pgs: * 5 
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did not do, what I expreſsly ſaid I did do) and 
that the effects of an experiment (which I 
can't believe he ever made) would be contra- 
ry to what 1 have declared they were, and to 
what, I now aſſert, they always will be, is 
fufficient to ſhew the fallacy of my experi- 
ments, and to overturn all ] have ſaid about 
the cauſe of the aſcent of vapour, &c. I muſt 
leave to the Royal Society to determine. 
Next, Mr. Darwin takes a great deal of 
pains to prove what every body knew, and 
what I never contradiced ; but, on the con- 
trary, poſitively aſſerted; viz. that light bo- 
dies electrified by glaſs. were attracted by elec- 
trified wax, and ſo per contra: what I ſaid 
upon that occaſion was expreſsly a hint to en- 
quire, whether electricity was not differently 
actuated by different qualities in the wax and 
glaſs ? which I have ſince found to be true; 
and alſo, that electricity itſelf conſiſted of two 
diſtinct different qualities or powers; which 
I have proved by numberleſs experiments, 
without ever meeting any one experiment to 
oontradict it. From which, and many obſer- 
. vations thereon, I have been enabled to apply 
the electric powers to medicinal uſe, from a 
reaſoning a priori, which I think 1 
elſe has yet attempted. And I have per- 
formed ſome cures, which the phyſicians * i 
thought very little leſs than miraculous; _ 
indeed I thought ſo too, the electrical power 
having perform'd more than I could poſſibly ex- 
in many caſes. And to give you an idea 
of what they will do, when properly applied, 
| | Thegleave to mention 110 was ſaid by a pa- 
5 72 1 tient 
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tient of mine, who had been 11 me for 
ſome time. 

Mr. Thomas Gard, who. was aniverfally 
paralitic, except his head, and who was — 
an apothecary and chymiſt, has enquired of 
me, with ſurprize, in the following terms; 
viz. Dear Sir, how is it poſible for you to tell 
me beforehand what you intend to do; and 
then, in a few minutes, to give my limbs a 
power of what motions you pleaſe ; and that 
you can retract that power when you pleaſe, 
and give them a power of other motions as 
you think proper; that they ſeem no longer 
obedient to my will, but to yours. | 

I had drawn up an account of ſome of theſe 
cures to lay before the Royal Society, not fo 


much from a vanity to tell what I had done, 


as to caution the unſkilful not to attempt to 
uſe the electrical powers in a medicinal way; 
for great miſchief may be done by them. I 
ſhall here only mention that three things are. 
neceſſary to any attempt of this kind; Which 
do not meet in every man who has an elec- - 
trical apparatus. A ſkill in medicine, a/ſkill 
in anatomy, and an accurate ikill in electri- 
city and the manner of conduQing its powers. 
In the next paragraph Mr. Darwin quite 
triumphs over me. But what alone would 
entirely deſtroy this eledtrio hypotheſis is. 
00 that, from the experiments of Mr. Prankin. 
« and others, the clouds are ſometimes found 
to be electrified plus, ſometimes, minus; and- 
« ſometimes manifeſt no ney of ſtern 


9 at all.“ | TN #26 2 oo 
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Altho' I do not know that any bedy beſides 
Mr. Canton has taken notice that the clouds 
ate frequently electrificd by the different 
of electricity, which he calls poſitive 
and negative; yet J can caſily grant that they 
are ſo, becauſe I know it to be true from a 
great number of experiments which I have 
made. But, pray how does this entirely de- 
ſtroy my hypotheſis? Does it not confirm it 
as much as is poſſible, as I have ſhewn in the 
courſe of this letter? His laſt aſſertion, that 
ſometimes the clouds manifeſt no ſigns of elec - 
tricity at all, may be true, as to any experi- 
ments which can be made by Mr. Franklin, or 

by Mr. any body elſe, on a light cloud, at a 
thouſand or two thouſand yards diſtance ; and 
yet the particles of that cloud may be highly 
electrified, though their atmoſpheres are not 
preſſed off to this diſtance. 

Here Mr. Darwin has again been unlucky, 
and has proved the thing which he wanted to 
diſprove. 

And what is more, almoſt the only tning 
which was wanting to compleat my ſyſtem : 
For had I known at the time of writing my 
letter, that different clouds were frequently 
electrified with the different powers of elec- 
tricity ; and had I known how theſe powers 
acted on each other, it would have ſaved me 
a great deal of thought and contrivance, to 
ſhew how the electrified vapour may again re- 
turn to the earth; as any body may ſee, Who 
does me the honour to read my letter with 
attention; and would eaſily have proved how 

. ths 
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the whole quantity of electricity, i 
aſcended, did again return to the earth ; 
which, at that time, was impoſſible for me 
to prove, as [ began late in enquiries about 
electricity; for at the time of writing you 
an hypotheſis, to ſhew the cauſe of thunder, 
I had never read any writer upon elearicity ; 
nor had I-any other knowledge of it, than 
what was furniſhed. by my own obſervations 
upon ſome experiments, which were exhibit- 
ed for two nights ſucceſſively as a ſhew in 
the year 1748; and in the year 1750, acci- 
dentally thinking that the cauſe of thunder 
was not dufficiently explained, 1 recollected 
that the electric fire ſubſiſted in water, and 
finding the ſcat of thunder was alſo in water, 
1 —— to think how the cleric fire may be 
the cauſe of thunder; and from thence drew 
up that . hypotheſis, which, tho' entirely my 
_ own from that flight aſſiſtance, I may ſay, is 
as full and clear (as far as electricity was then 
underſtood) as any thing that I have met 
with, which has been produced upon that 
occaſion, | 
And as that diſcovery was as much my 
own invention, as if an analogy between 
thunder and electricity had never been 
thought of by any body elſe; fo without 
any other aſſiſtance, than my own experi- 
— and obſervations, I have purſued the 
explanation of the cauſe as near to a demon- 
ration, as the nature of the proots will ad- 
mit. It is true that I have read ſome tracts 
e. but as they came late to 
N 4 my 
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* hands, I can't ſay that they gave me any 
ſtance in my enquiries; on the contrary, 
I muſt ſay, that if 1 had reſted in any of the 
opinions which I met with, I "_ have op- 
ped ſhort of the truth. 

The other part of Mr. Darwin's aforemen- 
tioned paragraph ends ſo forcibly, and with 
ſo polite a compliment to me, that I cannot 
forbear troubling you with it. 

© Whence to ſay an accumulation of eledric 
© #ther ſupports theſe clouds, ſeems an aſſer- 
tion built upon a very unſtable foundation, 
© whoſe whole ſuperſtructure may well enough 
*be termed an air-built caſtle, the baſeleſs 
* fabric of a viſion.” 

I muſt confeſs, gentlemen, that! babe built 
my clouds upon 5 air, and every body ſees 
that the a btnen is ſufficient; but Mr. 
Daruin has vaſtly outdone me, for he has 
built without any foundation at all. Tam, 


Ge x TLEMEN, 
your moſt humble and 


n - 
„ 


moſt obedient ſervant, 


L have inſenſibly been drawn into a pro- 
lixity by anſwering the abſurdity of Mr. 
Darwin's theory, and remarks upon what I 
had wrote; for which I am conſcious that ! 
ought to aſk your pardon. My chief deſign 
was only to give a farther explanation of the 
aus of the 2288 and deſoeut of vapour and 

exhalation, 


Ih - 2 
exhalation, &c. and to ſhew that they aſcend 
and deſcend by the action of the ſame pow- 

ers; and that the powers entire may both 
aſcend and deſcend with them; which never 
can be explained by the doctrine: of. poſitive 
and negative electricity, or a plus and minus 
of the ſame power. So that my doctrine of 
the two powers of electricity muſt be accept- 
ed, or electricity be excluded from the buſineſs 
of the clouds; which cannot well be allowed 
againſt the evidence of ſo many well-known 
experiments. 


a Sent this letter, dated oth March, 
1761, to the Royal Society. 


1 T T E R IX. 


IR, 9 26th Feb. 1760. 
INCE my letter of the i 4th February, 
1758, I have made many electrical ex- 
eriments ; all confirming the doctrine and 
aws which I mentioned-in that letter.” As 
ſome of them are quite inexplicable by any 
thing which was ſaid of electricity before that 
time, or indeed by any thing I have ſince 
met with, T ſhall mention two or three of 


them. Let a conductor be electriſied, either 


by a glaſs 2 or a globe of ſealing-wax: I 
can, in a few ſeconds of time, with the at- 
moſphere of that conductor, electrify a large 
plate of glaſs, or a thin plate of ſealing-wax, 
. on both ſides with the vitreous pow- 
5 er; 
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er; and then withdraw the vitreous power, 
and leave both ſides electrified with the reſi- 
nous power; or then can withdraw that 
power from one ſide, and leave the different 
ſides electrified with the different powers; 
and all this without any contact with the con- 
ductor; and the plates ſhall remain ſo elec- 
trified, in any of the aforementioned ſtates, 
when carried quite out of the atmoſphere of 
the conductor: Or I can charge Mr. Muſchen- 
broek's bottle, ſuſpended Wi a dry ſilk cord 
in the atmoſphere of that conductor, ſeveral 
inches from the conductor, and without any 
contact with that, or any other matter but 
the filk cord, firſt with the vitreous power in- 
ſide, and the reſinous power outſide; and 
then withdraw that charge, and recharge the 
bottle with the powers in the contrary order; 
without the bottle's having any communica- 
tion with any thing but the ſilk cord. I ſhall 
take another opportunity of explaining this 
7m. pm and of ſhewing that the eſectri- 
city found in the air during the time of thun- 
der, &c. does not only come down from the 
| clouds, but is alſo drawn up from the earth 
by the electric atmoſphere of the clouds. I 
dan, with an electrified glaſs, clearify a piece 
of down throngh a glaſs which is not electri- 
fied; and that with either of the electric 
powers, as any ſpectator ſhall pleaſe to direct 
at the inſtant of performance: Or I can do 
the ſame thing with an electrified Rick of ſeal- 
Or, with the ſame piede of wax, 1 


ing-wax: 
can electrify — beg dsa. * | 


[ 133 } 
by ſilk, with either of the electric powers; 
and then withdraw that power, and electrify 
it with the contrary power; and ſo on for 
ſeveral times in ſueceſſion; and yet a ſpec- 
tator ſhall think that I touch the down with 
the wax in the ſame manner to give both the 

wers. | RY | 
I would now aſk how theſe experiments are 
to be explained. by the doctrine of poſitive 
and negative electricity ? or that glaſs throws 
out the electricity, and that wax drinks it in? 
or the ſuppoſition that glaſs is impermeable by 
electricity? or the wanting and aboundin 
ſides of the glaſs in the charged bottle, 
Mr. Franklin has explained it; that one fide 
of the bottle parts with exactly the ſame quan- 
tity of electricity which the other receives; 
and, on forming a communication between 
the inſide and outſide, that the emptied fide 
greedily drinks up the faperfluity of the 
abounding ſide. But I will not detain you 
with arguments of this kind. bebo ne 
Thus you ſee I have called theſe powers 
vitreous and reſinous, merely for diſtinction's 
fake; for I do not know of any different eſ- 
ſential characteriſtic to diſtinguiſh them by, 
I had ſone regard to their being ſo called by 
gentlemen, who fancied that they found them 
- exiſting ſingly, the one in glaſs, and the other 
in wax, &c. For Mr. Mu/chenbroek fays, that 
nobody can be in poſſeſſion of both powers at 
the fame time: in Which he is ſo far miſta- 
ken, that theſe powers can never be mtirely 
88 MY - ſeparated 
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ſeparated in any body, or brought to any 
thing like an intire ſeparation. | 

I have ventured to try various experiments 
on the human body with theſe electrical pow- 
ers; by which J. Kot introduced them into 
medicinal uſe, and have performed many ſur- 
prizing cures in paralitic, rheumatic, and 
many other caſes ; and have done ſome things 
with them which were not thought to be in 
the power of the materia medica. An account 
of which I will lay before the Society, if they 
think it acceptable. : 

0 my letter of the gth of Auguſt, 1759, 1 
mentioned a great ſimilarity between the ac- 
tion of the electric and magnetic powers; on 
more mature examination I find, that the 
laws which I have given, in my letter of the 
14th of February, 1758, for the action of the 
electric powers on each other, will exactly 
ſerve for the action of the magnetic powers 
on each other: Though, to a perſon not 
well verſed in theſe matters, there may ap- 
pear a ſeeming difference, which, upon exa- 
mination, will be found to ariſe merely from 
the different poſition in which the different 

wers in the magnet are placed, from that 
in which the different powers of electricity 
are placed; for in electricity the powers 


change place from one body to another, which 


in magnetiſm they do not. And this may 
prevent the troubling you with the recital of 
thoſe laws ; or if you think fit to be troubled. 
with it, I. can recite thoſe laws 1 in a * 
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and more connected manner than T have yet 
done. 

Herewith I ſend you a letter to the Royal 
Society, ſhewing what I think is the cauſe of 
the reflection and refraction of light. 

It is impoſſible for me to foreſee all the ob- 
jections that will be made to it; or if I were 
to anſwer beforehand all the objections which 
I think will be made to it, I muſt enter up- 
on a long tract. But as Sir Iſaac Newton 
is the great maſter in the doctrine of light, 

T think it will be ſufficient to ſhew, that 
the cauſes, which he has pointed at, are not 
| ſafficient for the purpoſe. He has mention- 
ed air; the thickneſs of the tranſparent bo- 
dies; the action of bodies upon light, at a 
diſtance; (by which, I ſuppole, he means an 
attraction) and his ſubtile medi um, evenly 
diffuſed over the ſurfaces of bodies. 

As to air, he has ſhewn that it is not the 
a; and, if he had not, there is a ſelf-evi- 
dent reaſon againſt it; becauſe refraction is 
performed between the confines of air and 
all other bodies. The thickneſs of tranſpa- 
rent plates cannot, in itſelf, be the cauſe; for 
he has ſhewn that reflected and refracted 
light does not impinge on bodies; indeed 
the thicker tratiſparea ates are, the more 
the refractive power will adhere to them. 
As to the action of bodies upon light at a 
diſtance, (which Sir Jhaac ſeems to ſtick to; 
for, in his fifth query, at the end of his book 
of opties, he aſks, do not bodies act upon 
light, in reflecting, refraQing, and — = 
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of it) I think it cannot be the cauſe; for 
when a ray of light has paſſed through a 
tranſparent body, if that ray be again drawn 
back into that body by attraction, that at- 
traction muſt be ſtrong enough to hold that 
ray affixed to that body, as long as the at- 
tractive power remains the ſame; and there- 
fore there never could be any reflection back 
again through a tranſparent body; but all 
experience ſhews ſuch a reflection to be 
common, As to a ſubtile medium, eyenly 
diffuſed over the ſurfaces of bodies, it cer- 
tainly muſt be the cauſe ; and had he reſted 
it there, he would have been very near the 
truth. But when he had a mind to apply it 
to other purpoſes, and to-make it the cauſe 
of gravity, he propoſed his ether of ſuch a 
form as would not anſwer either of his pur- 
poſes : for he ſuppoſes it to be a ſubtile elaſ- 
tic medium, with an increment of denſity 
from the ſun through all the planetary regi- 
ons, preſſing the planets from the denſer into 
the rarer parts of this medium bal. * thus 
acting as a centripetal power to keep them in 
018 orbits. But [ — obſerve that this 
æther, as a centripetal power, could only act 
on the planet with a force proportional to the 
increment of its denſity, in the length of the 
diameter of the planet; but it muſt obſtruct 
the progrefiive motion of the planet with a 
forge equal to its whole iacrement of denſity, 
from the ſun to the center of the planet, and 
in theſe-gircymſtances can never be the cauſe 
of gravity: ; and for many more reaſons which 


I could 
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could add; one of which is, that gravity is 
performed by one ſingle power, which all bo- 
. and all parts of bodies, have of attraci- 

each other ; which can never ariſe from 
ſuch an #ther. As to ſuch an æther's being 
the cauſe of reflection and refraction, &c. how 
can we ſuppoſe it? for if the reſlecting me- 
dium ean turn back the rays of light in the 
89, oooth part of an inch, as Sir Jaac ſays it 
does, how is it poſſible for light ever — 
to us from the ſun through ſuch a meinlium? 
I deſire that what 1 — ſaid here may be 
looked on as a fincere ſearch after truth, and 
not as a reflection on the character of ſo great 
a man as Sir 1/aac certainly was; for no man 
has a higher eſteem for his memory than I 
have; and this matter he himſelf has left and 
recommended to our enquiry; and I muſt 
obſerve, that it was impoſſible for him, or 
any man at that time, to know what a fab- 
tile medium, and how fitted for the purpoſe 
of refraction, &c. did really ſupervade the 
ſurfaces of all bodies. Nor is it now eaſy to 
conceive, but by thoſe intimately acquainted 
with the doctrine which I have given of the 
electric powers; and by ſuch as have gone 
through a great number of experiments, to 
convince themſelves of the truth of that doc- 
trine. Sir Iſaac Newton, in ſpeaking of his 
ſecundary attraQion and repulſion at very 
minute diſtances, makes a great gueſs at the 
uſe of electricity in that caſe; for he expreſsly 
fays, who knows but the power of electricity 


may extend itſelf to t minute diſtances 
| without 
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without being excited by friction, which is 
certainly the caſe. And here that attraction 
and repulſion may be eaſily ſhewn to be the 
effect of the electric powers: in the attrac- 
tion the force of gravity muſt alſo at. But 
I believe I had better explain this matter in a 
paper by itſelf. Had he then known as much 
of electricity as we now do, and that the elec- 
tric powers adhered to all bodies, I am cer- 
tain that he would have made a better uſe of 
that knowledge than I am able to do. Ho- 
ever, I am confident that in time the electric 
powers will be fully proved to be the cauſe of 
the reflection and refraction of light. 

I ſhall be very much obliged to you if you 
will let me know the moſt material objections 
which ſhall be made eras en to the 
Society. J am, 


STR, 
. moſt humble and 
moſt obedient ſervant, 
= e eee | Hexzy ExLrs. 
To the OE oO 


ere the Rope! out en 
ee 8 2 ; 1 | 1 
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by 
L'E TT BR 1. 


" Liſmore, 26th nung, I 56e 
GEN TLEMEN, E 


N the year 1752, I promiſed you to law 
that the fire or fluid of electricity was the 
cauſe of the refraction, &c. of light; and ac- 
cordingly wrote down my reaſons, which, on 
farther conſideration, did not appear ſatisfac- 
tory to me, and therefore did not trouble you 
with them; nor was it poſſible then to ex- 
plain this matter, the action of the electric 
powers not being at all underſtood. But ſince 
I have diſcovered that all the phenomena of 
electricity ariſe from the action of two difter- 
ent diſtin; powers, which always act con- 
jointly, and explained their manner of acting 
on each other; (which I communicated to 
Doctor Birch in two letters, of the gth of 
Auguſt, 1757, and 14th of February, 1158) 
it ap -plainly to me, that theſe. powers 
are the cauſe of the reflection and refraction 
of ligt. re LL 
The great difoultyafexplaiging elenden 
was, to — why the rays inclined. to the 
perpendicular, in paſſing from a rare into a 
denſe. medium; and receded from the per- 
pendicular, i in paſſing, from the denſe medi/ 
um into a rarer one. I will not detain you 
to how TEIN of a all * raking alr 


nislqx ' SK} Apo! 5 ſigned, 
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but of a denſe body into a rare one, as they 
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ſigned, but muſt beg leave to object to the 
principal one; — Fo was, ſuppoſing that 
the refracting medium had a vibrating mo- 
tion which accelerated the rays in their paſ- 
ſage through it; which, I think, muſt be 
wrong. 

Fer firſt, how is it poſſible that any body 


cd be accelerated by paſſing through any me- 
diam? Muſt not the body meet a reſiſtance 
ii proportion to the depth and denſity of the 


medium? If the medium moves faſter than 


the body, how can the body overtake the 
medium to paſs through it? I it intelligible 
how any body in paſſing through any medi- 
urn, cun put that medium into ſuch a motion 
= may accelerate the body ? If it be ſuppo- 
fed that the medium is naturally in a vibra- 
titty motion; to make the pulſes quicker than 
the motion of the body paſſing through it, its 
velocity muſt ſometimes be as great againſt 
the motion of the body, as at other times it 
is With it; and when reflection is cauſed by 
ſuchi a Vibrating motion, the angle of reflec- 

tien muſt differ as much from the angle of 
incidence, as the angle of refraction does; 
the rays being as much accelerated in reflec- 
tion, as in "refrain; by ſuch a. medium. 
Muſt not theſe vibrations incline the rays as 
much to the perpendicular in their paſſage 


do when the rays paſs out of a rare body in- 
to a denſe one?” But this is contrary to all 


erperience, and it is more difficult to explain 
- how 


EY i 
bow ſuch a vibrating motign, the pulſes of 


which ſhall have a greater velocity than light, 
can be cauſed and continued, than to explain 
all the difficulties of reflection and refraction, 
by means of a ſubtile medium at reſt. Now 
if it can be proved that reflection and refrac- 
tion may be cauſed by a denſe elaſtic medium 
of ſubtile parts, and that ſuch a medium does 
really exiſt, covering the ſurfaces of all bo- 
dies, and that in proportion to the denſity of 
the bodies; (for Sir {/apc Newton has ſhewn 
that bodies have à refractive pawer in pro- 
portion to their denſities) I think that the 
doctrine of reflection and refraction (for, as 
for deflection or - inflection, it will appear 
to be only refraction by the different po- 
ſition of the medium) will be made much 
more intelligible than it has been hitherte, 
and the cauſe of reflection and refraction ful- 

ly proved. Sir {/aac Newton has ſhewn that 

ſulphureous bodies have a greater refractive 
power than other bodies, in proportion to 
their denſities; it will be here alſo ſhewn, 
that this medium adheres to ſuch bodies in 
greater quantity than to other bodies of the 
lame denſixgg..779 00 2 
. The above great author, in his firſt | 
of optics; has given us a clear doctrinę of the 
refrangibility of light, and of the ſeparation 
of its colours thereby ; and an intire confu- 
tation of that doctrine which: ſuppoſes light 
do he propagated. by preſſion; ſo that I need 


gentlemen 


« * 
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gentlemen who have lately attempted to re- 
vive that doctrine. But as the cauſe of re- 
fraction, &c. was confeſſedly unknown to this 
great man, he only oppoſed that it muſt be 
performed by the pulſes: of ſome ſubtile me- 
dium, which Ar A the ys: in reftac- 
tion. 
As to the manner 101 ang 1 have before 
objected; and I ſhall now endeavour toſhew 
how refraction may be performed by a ſubtile 
medium's retarding the rays of light in their 
paſſage through" it; and to ſhew what that 
medium 1 is, and the manner how it acts. - 
: F ſhall firſt conſider the caſe of a ball ſhot | 
through a board. ' Suppoſe the line of direc- 
tion of the ball to make an angle of forty de- 
grees with the plane of the board, and ano- 
ther plane inclined to the plane of the board 
in that direction, dividing the ball into hemi- 
ſpheres; it is plain that the hemiſpheres next 
to the board muſt firſt come in contact with 
it, and give the ball a direction from the per- 
dicular to the board, till the ball is intire- 
7 immerged; and whatever direction the 
ball then has, it muſt retain till it begins to 
immerge, and then the direction muſt he alter- 
ed in the contrary order from which it is im- 
merged, and proceed in a line nt te the 
line. of its firſt direction. | 
Iwill now conſider this board of ile 
contexture, with the ſide very rare which is 
to be entered by the ball, and that ſide ey 
78 from which the ball i is to immerge; the 


| — 
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conſequence will be, that the ball, ſhall nat 
be ſo much altered in its direction from the 
perpendicular in immerſion, as it ſhall be al- 
tered to the perpendicular in its immerſion 
from the denſe ſide of the board; and there- 
fore the angle of refraction will bear a ſimilar 
proportion to the angle of incidence, as it does 
in light paſſing from a rarer into a denſer me- 
dium. And now ſuppoſe the ball paſſing back 
again through this board, the angles of inci- 
dence and refraction ſhall be ſimilar to thoſe 
of light paſſing from a denſer medium into a 
rarer. | FCC 
Now [I think all that is to be done to ex- 
plain the refract ion of light, is to find a ſub- 
tile medium that ſuper vades the ſurfaces of all 
bodies; whoſe denber ſide ſhall always adhere 
to the confines of the denſer medium or bod 
to which it is applied, and its rarer ſide al- 
ways joined to the confines of the rarer me- 
diuin.or 775 8 
Whoever attentively conſiders the doctrine 
and laws of electricity which 1 have given in 
my letters of the gth of Auguſt, 1757, and 
14th February, 1358, muſt ſee that the elec- 
tric powers, muſt always adhere to all bodies 
in this manner; for whether, the vitreous or 
reſinous p wer of electricity be encreaſed, the 
eee will act outward from the 
denſer body, with an atmoſphere with an in- 
crement of rarity outward, which will increaſe 


in proportion to the increaſe of thi FE 
of that power above the contrary leſſened 


power; which leſſened power will always 40 
nward to the denſer body, in a condenſe 
Fate, exceedingly more denſe than the out- 
ward power. The truth of which doctrine [ 
have evinced by a thouſand expetirtients thore 
than what I communicated in thoſe letters; 
nor could I ever ſince produce atiy phænome- 
non, from any experiment which I could think 
of making, which was not eaſily applicable 
by the laws of electricity which I laid down 
in tholb letters. 3 
Neo confidering the extreme fabtilty and 
elaſticity of the electric powers, and how ex- 
ceedingly they condenſe each other when in 
or near an equal quantity with each other, 
which is their natural ſtate in all bodies; the 
prodigious encreaſe of elaſticity 1 
to their condenſation; their immeaſurable ve- 
locity in action; Leen adheſion to - badies 
in proportion to the ſpecific gravity of the bo- 
7 au cant their — found in a greater 
2 regs quantity on fulphuteous and 
unctious bodies, which bodies have alſo 4 
greater refractive power than other bodies of 
the fame fpecific gravity; their attending all 
vapour and exhalations through the atmoſ- 
phere, where the refteCtive and refraQtive 
powers are alfo found; witneſs the rainbow, 
crowns bf colours, and all the coloured phie- 
nbmena of the clouds: all theſe things 
duly conſidered, 1 think it uo abfard 'con- 
| eltifioh'to ſay, chat thefe electric powers Hidy 
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be and are the canly of the reflection and _ 


Traction, of light. _ 

I could write much more fully on this ub : 
ject, and add ſome things PRs more ex- 
planatory of my ens at'T under- 
ſtand that the Royal Society 10 not chuſe to 
attend long tracts; and I think that I could 


ſay ſomething — 99 of Sir Jaac's fits of 
_ eaſy reflection and eaſy: tranſmiſſion, but I 


ſhall not now trouble you with it. As to Sir 
Iſage's farniſhing the rays of light with diffe- 
rent eſſential os on their different 
ſides, only to explain that ſingle phaenome- 
non of an unuſual refraction in Iſland Chriſ- 
tal; I muſt ſay, with the greateft deference 
to ſo great a man, that I do not think it fo 
truly philoſo hical ; for were the rays fur- 
niſhed with ben dilrent eſſential properties, 
all reflection and fefraction muſt be confuſed, 


and the excellent uſe of viſion rendered al- 


moſt uſeleſs. I think it would have bee beeh 

better to have ſearched for the cauſe in the 

different poſitions of the refractive powers in 

18 camine of that fiffil ſtane, where I think 
it may be found. 

1 now, gentlemen, 245 fear that * haye 
followed brevity too cloſely i in 55 explana- 
tion of a cauſe ſo long ſought after, a cau le 
without which our nopleſt ſenſe would be 
loſt; and if it were poſſible for us to Foe 
without fight, pur being muſt be more wretch- 

that t of a mole. vile gg 
Rr, 1 FN: MY will be, fo ver 


+ & 
XY 4 An 2 


| | LS 
as to let me know their objections, it will give 
me an opportunity of 3 this matter 
better, or of ſubmitting and confeſſing that 
ſome other cauſe muſt be enquired for. I am, 


VLour moſt humble and 
moſt obedient ſervant, 
| | HENRY EELEes. 
To the Royal Society. 
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My Lox, . | Liſmore, 29th Dec. 1761. 
5 HILE you preſide over the Royal 
VV Society, I hope that you will forgive 
my troubling you with a letter relative to the 
tranſactions of that Society. I am conſcious 
that it muſt appear the higheſt preſumption 
in any ſingle man to conteſt with the Royal 
Society; and if I thought my preſent expoſ- 
tulation was with the whole Society as a bo- 
dy, I ſhould ha ve modeſty enough to think 
ſo too, and deſiſt from giving your lordſhip 
the trouble of this letter; but as the matter 
of my preſent complaint ſeems to ariſe from 
the unwillingneſs of a few members of the 
Society to underſtand ſome. truths which 1 
have produced to the Society, and that thoſe 
truths are of the higheſt importance toward 
the making new diſcoveries, and the —_— 
0 


3 | 1 
of. GY} know ledge, for which end, F pre- | 
ſame, the Royal Society was peculiarly inſti- 
tuted, I ſhall venture to proceed. 

_ But firſt I muſt beg leave to mention the 
tracts which I have laid before the et ah * 
ciety, and the ſucceſs they met with; 
ſhew the reaſon Why I troubled them in 
ticular, or the world in general, with any 70 
nions of mine; and how [ have been drawn 
into this expoſtulation. 

In the year 1750, as I was accidentally re- 
flecting that the cauſe of thunder was not 
ſufficiently explained, I recollected, that in 
ſome electrical experiments which I had ſeen 
in the year 1747, that the electrical fire ſub- 
ſiſted in water; and knowing that the ſeat 
of thunder was in heavieſt ſhowers of rain ; 
and jmagining that there was ſome anal 
between the effects of thunder and thoſe of 
electricity, I began to think how the electric 
fire may be the cauſe of thunder; and in 
September, 1751, I drew up an hypotheſis to 
explain that matter; and, in June, 1752, I 
ſent it to the Royal Society ; ; and it was ho- 
noured with their acceptance, and printed in 
the Philoſ. Tranſ. for that year. At the end 
of that hypotheſis, I mentioned ſome ſubjects 
which I thought might be explained by elec- 
tricity; and the Royal Society did me the 
i honour to deſire my thoughts on thoſe ſub- 
. Accordingly, on the 25th of Novem- 
OS 1754, I ſent them a letter, to ſhew the 
1 cauſe of the aſcent of SF and exhala- 


tions ; 
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tions; and alſo to ſhew the cauſe of winds, 
both regular and erratic; and to explain the 
general phænomena of the weather, barome- 
ter, &c. which letter was alſo honoured with 
their acceptance, and printed in the Philoſ. 
Tranſ. for rhe year 1755. In this letter 1 
mentioned ſome experiments, which the So- 
clety alſo deſired me to ſend to them; and 
they are allo printed in the Philoſ. Tranſ. 
with my letter. The great honour which 
the Royal Society had hitherto done me, drew 
my attention cloſer to theſe mattets, and made 
me think it neceſſary for me to enquire farther 
into the nature and properties of electricity; 
and, if poſſible, to diſcover the general laws 
of its action, before I proceeded on the other 
ſubjects which I had mentioned; that I may 
be enabled to write more 1ntelligibly to the 
Society, and to myſelf, than I found it was 
poſſible to do from what was then known 
about electricity. 2 a | 

At this time I perceived that all electrified 
bodies exerted two different powers, .an at- 
tractive and a repulſive power; and, accord- 
ingly, have ſaid in my letter, that when the 
partioles of vapour were forced within their 
repulſive powers, they then ran into contact 
and ſpericity by their attractive powers; but. 
as yet, J knew nothing of theſe powers, or 
how they acted upon each other, or on the 
light parts of matter, by which they render 
their actions ſenſible to us. I therefore ſet 
e work upon cee e 


[16] 
ind, after haviag made 4 yery great — 
I found that electticity conſiſted of two diffe- 
tetit diſtinct ſubtile elaſtic mediums, which 
vere equally and ſtrongly attracted to all mat · 
tet, and that in proportion to the quantity of 
matter? and that theſe mediums ſtrongly at- 
tracted and greatly condenſed each other; ſo 
that when they were equal in quantity to 
each other, they were condenſed into an ex- 
ceeding minute compaſs ; but when one wag 
leſſened, and the other increaſed in any bo- 
dy, the increaſed medium or power would, 
by its own elaſtic force, diffuſe itſelf through 
a ſpace many millions of times greater than 
that which it occupied in its co enſed ſtate; 
and yet may be inſtantly retracted to the — 
dy from which it iſſued, by ſuperinducing on 
2 body a proper quantity of the other — 
; that theſe electric atme 3 
— y atmoſphere ariſing from t 
bor attracted any atmoſphere ariſing 8 the 
different medium or power: ſo that all the 
known phenomena, ariſing from electricity, 
are cauſed by theſe mediums or powers being 
equally attracted by all matter, their ſt 
and equal attraction and condenſation of each 
other, and their great elaſtie force; for a 
more particular explanation of which, I muſt 
beg leave to refer your lordſhip to the derten 
which 1 am going to mention. 2 
Wen 1 had gone thus far in my enquir F 
wrote a letter to the Royal of 
Auguff, OR of thele dif- 


ferent 
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ferent powers in electricity, and to explain their 
manner of acting; and alſo to ſhew that mag- 
netiſm conſiſts of like powers, which act by the 
ſame laws, tho' I do not by any means think 
them the ſame thing. As I did not hear what 
reception this letter met with, I thought I had 
not explained my meaning ſufficiently to be 
underſtood ; and therefore, on the 14th of 
February, 1758, 1 wrote another letter, to 
explain this matter more fully by experi- 
ments, and to give general laws by which the 
electric powers act. I was ſomething ſurpri- 
zed that I never heard any thing of N 
ters, becauſe I am as well aſſured of the truth 
of them, from numberleſs experiments, that 
two different diſtinct elaſtic mediums do exiſt 
in electricity, as I am that I live, or move, or 
have any being; and as I knew the ſubject to 
be of the greateſt importance, as the electric 
powers are the great principle of motion in 
the world; and that their actions can never 
be explained, without allowing theſe two dif- 
ferent mediums. However, on the 26th of 
March, 1760, 1 wrote to the Royal Society, 
endeavouring to ſhew that the electric powers 
are the cauſe of the reflection and refraction 
of light; and alſq to Doctor Birch, with ſome 
electrical experiments, which I think cannot 
be explained by any thing that has been ſaid 
of electricity, without allowing the doctrine of 
two mediums which I have given; nor was it 
poſſible to conceive what I ſaid about the re- 
dection and refraction of light, without᷑ a 1 5 


i 
fect conception of the action of the different 
powers of, electricity. Theſe letters alſo paſ- 
ſed unnoticed ; I fuppoſe for. the "RW pave 
now mentioned. | Ys 
About the beginning of : the. year 176 i, I 
received the vol. of Philoſ. Tranſ. for the year 
1757. This book came thus late to my hands, 
by being obliged to ſend to London fot it; for 
our bookſellers in this kingdom could not fur- 
niſh me with it, tho I often applied fort. 

In this hm I met. with, three letters, 
ſigned-Eraſmus Darwin, Phyſician at Litch- 
Feld, Staffordſhire ;, which 8 is pleaſed to call 
a confutation of what I wrote about the cauſe | 

of the aſcent of vapours and exhalations, &. 

His firſt letter is addreſſed to Mr. William 
Watſon, with whom, he fays, he is not 
perſonally acquainted, deſiring Mr. Watſon 
to lay his papers wh e the Royal Society, if 
Mr. Matſon thought that they contained 
truth; but if he Foul deem them. Tifling, 
or futile, to ſuppreſs them. 

His ſecond letter, addreſſed to the Royal 
Society, contains a theory of his on to ex- 
plain the aſcent of vapours, which, he ſays, 
is founded on principles better known han 
mine; but, for my part, I cannot ſee any 
principles which he makes uſe of, but what 

_ contradict the reaſon and experience of all 
mankind (if ſuch can be: called principles) ex 
cept that, he ſays, that heat makes vapours 

aſcend; which, I think, every old woman 
know before. His third letter, he ſays, s de 


: "BY 17 ſigned 
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figned entirely to deſtroy my y theory, and near- 
- the demonſtrate, Brat whe cleric ether is 
from having any ſhare in cauſing vapour 
to aſcend : how well he has done this his let- 
ter will ſhew. I ſhall only obſerve that his 
chief principle is, that the air is not acted 
upon by electricity. Now this is a flat con- 
tradition of a truth that Mr. Watſon himſelf 
has, with a great deal of pains and labour, 
eſtabliſhed, and, I think, fully proved, by 
his experiments in vacuo, made for that very 
purpoſe ; to ſhew that grams is confined 
to non-eleQric bodies by the air. Philoſoph. 
Franf. vol. 47, page 362, '&c. And tho' 1 
know many experiments which prove the 
fame thing, I chooſe to let Mr. Watſon ſee 
that he has recommended a doctrine entirely 
oppoſite to his own principles, and ſhall leave 
him to explain the reaſon. | 
Mr. Darwin has attempted to ſhew the fal- 
lacy of ſome experiments which I ſent the So- 
ciety; but he has only proved the truth 1 
them, and ſubſtituted a monſtrous fallacy of 
his on, and ſhown that he is thoroughly ig- 
norant in making electrical experiments; but 
as 1 ha en ſuch an anſwer to Mr. Dar- 
win's letter. as I thought it deſerved, in my 
letter to the Royal Society, dated the 20th of 
March, 1561, I ſhall beg leave to refer your 
lordſhip to that letter; Aich was chiefly de- 
— ve a farther explanation of the 
cauſe of thunder, and the aſcent and deſcent 


r n the diſcovery which I 2 
t 


Re] — 

that electricity conſiſts of two different medi- 
ums or powers, and their manner of acting 
on each other; which could not poſſibly be 
explained without this doctrine. ' 


5. 
7 


od * » 


For when I wrote my letter to explain the 
cauſe of the aſcent of vapour, &c. I was conſci- 
ous of one defect in it; that is, I found it impoſ- 
ſible, from what was then known of electricity, 
to ſhew how the whole quantity of electric fire, 
which aſcended and buoyed up the vapour, 
was ever to return to the earth again; and I 
knew that, without ſuch a circulation, that 
this great operation of nature could never 
have been carried on in the ſame conſtant 
manner, as it has been done from the begin- 
ning of the world: but finding the reſt of my 
ſyſtem very conformable to the phænomena 
of nature, and hoping that a farther reſearch 
into the nature and properties of electricity 
may ſome way or other explain this matter. 
Jlet my letter go with that known defect. 
But ſince I have diſcovered the great elaſtic 
force of the electriq mediums, by which either 
of them can (when freed from the attraction 
and condenſing force of the different power) 
diffaſe itſelf through a ſpace of more than a 
it occupied in its condenſed ſtate, . and yet 
| be.ratrated and condenſed to its former ſtate, 

by an addition of the, different medium or 
power it is eaſy to ſhew how electrified va- 
Pour may be carried up by the expanſion of 
tho electric medium, and remain there till it 
| meets 
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meets with other vapours electrified with the 

different medium of electricity; in which 
caſe they muſt attract each other, and run 
into contact to form larger drops; and the 
electric mediums being then tendered nearly 
equal to each other in theſe drops, by an ex 
change of the different powers with each other 
in each drop, their atmoſpheres muſt be con- 
denſed into almoſt an inſenſible compaſs, and 
therefore cannot longer ſerve to buoy up the 
vapours, which muſt then fall in rain. 

And thus the whole quantity of both the 
electric mediums which, in their expanded 
ſtate, buoyed up the vapours, may, in a con- 
denſed Rate, return with them to the earth. 

Now, that this is the real ſtate of the 
clouds; that is, that clouds in near approach 
to each other are frequently electriſied with 
the different mediums or powers of electrici- 
ty, 1 have proved by a great number of ex- 
periments on the clouds; and have always 
found, that when two ſuch clouds ha ve 
drawn each other into contact, ſo as to let 
fall a heavy ſhower from the middle, that one 
end of ſuch cloud was cleArified with one 

wer, and the other end of the cloud was 
electrified with the different power of electri- 
city, while the middle of the cloud or ſnower 
ſhewed little or no ſign of being eleciriſied 
Mr. Canton of the Society has alſo often found 
the clouds electriſied with the different pow- 
ers, which he calls poſitively and negatively 


Ml This, my lord, would be * 
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dient to prove the truth of what I have laid 
before the Royal Society; but ſince my wri- 

ting the laſt mentioned letter, I have” gone 
much farther to evince the truth of it; for [I 
have fitted up an apparatus, by which I can 
make an artificial ſhower of rain with the 
electrical powers. For by electrifying two 
fountains of water with the different powers, 
they ſhall be diſſipated into very ſmall parti- 
cles in their aſcent, which particles ſhall at- 
tract each other above, and run into larger 
drops, and come down in the exact form of 
rain from the clouds. This, I think, comes 
as near to a demonſtration as the nature of 
the proofs will admit. The only difficulty 
remaining is to ſhew how different clouds 
come to be electrified with the different pow- 
ers; but the want of this knowledge does 
not any way detract from the truth of what I 
have advanced, fince the clouds are really 
found to be ſo cleanfitet tg CITE 
But, my lord, this doctrine of electricity is 
not only uſeful to explain this important phæ- 
nomenon of nature, but yu many others 

which have puzzled the philoſophers from 
the firſt ages; and modern philoſophers can- 
not be ignorant, with what ardent zeal ſuch 
active principles of attraction and repulſion. 
were ſought for, but left unknown, by the 
great Newton's ſelf ; yet not ſo far unknown, 
but that, in ene great gueſs, he has expreſsly 
named the thing ; tho' at that time he had not 
any poſſible means of proving the truth of his 
| P conjeQture. 
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Miene, Fir 21s 348 Dein ae fans, 
Ahe attta Sins of gravity, mußte d ang 
2 0 reach to very ſenſible diſtances, 
* and To have been, obſerved by vulgar eyes, 
Andi there may be athers Which reach to ſo 
ſmali diſtances as hitherto, to eſcape obſer- 
vation; and perhaps electrical attractiog 
may reach to ſuch {mall diſtances even. with- 
< out being excited by friction.” Which I now 
think it certainly does; and as find the elec- 
tric mediums or powers univerſally adheſive 
to all matter, and that they can both attract 
and repel from very minute to very great diſ- 
tances, they are fitted to anſwer many more 
of his purpoſes than could be then imagined, 
as they were ſuppoſed to reſide but in a few 
particular bodies, and their manner of ad- 
ing was quite unknown. I beg leave to add 
a few more lines from the latter end of this 
query, where he ſays, © To tell us that every 
* ſpecies of things is endowed with an occult 
* ſpecific quality, by which it aQs/and produ- 
* ces manifeſt. effects, is to tell us nothing: 
but to derive two or three genęral principles 
* of motion from phænomena, and afterwards 
to tell us how the properties and actions of 
* all corporeal things follow from thoſe mani- 
feſt principles, would be a very great ſtep 
in philolophy, tho the cauſes of thoſe prin- 
* ciples were not yet diſcovered; and, there- 
fore, I ſcruple not to propoſe the principles 
of motion above-mentioned, they being of 
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very general extent, and leave their cauſes. 
„to be foutid out. 

This whole query, which eotififts of wat iy 
pages, was deſigned BY y that great man = 
thew the Betefft of the exiffents of pri 
_ ciples of motion, man of Which may Hor a 
yet'be diſcovered, and to recommend a far- 

"reſearch into the nature and properties 
and Taws'of action of theſe we do know; three 
of which he has p N mentioned ; VIE. | 
gravity, magnetiſm,” and electricity. Gravi⸗ 
ty, tho it may be the cauſe of wand bag” 
tions in bodies put in motion by ſome other 
powers, think is rather a principle of teſt, 
as it inclines all bodies to moye to each other 
in right tines, with 4 force N to 
their quantity of matter an their diſtande ; : 
which motion ofice finiſhed, gtavity . 
again put them in motion. The other tw 
ſeem to me to be more properly principles of 
motion,” as they can both atttadt and rapel, 
and are therefore fitted to preſerve the mo- : 
tions neceſſary to ve; tation, animal life, Kc. 
Magnetiſm, as it is Band in in no other matter 
| but iron, -cannot be of very general uſe; 
however, it may be of much more uſe mat! 
we can at preſent know of. Electricity, as 
it is univerſally adheſive to all matter; and 
of great power, muſt be of very general uſe. 
in the operations of nature ; many of which + 
can point out. omg wn eg 

Now the papers which I have laid fore © 
the Royal Society, and which have paſſed 
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ES 
unnoticed, go a great way in explaining the 
nature and properties of the two laſt men- 
tioned principles of motion, and in giving ge- 
neral laws, which will explain all the known 

henomena which ariſ® from magnetiſm and 
electricity. I would therefore beg your lord- 
ſhip, that theſe papers may be carefully re- 
examined, and printed in the Philoſophical 
TranſaQions; for as they are true, they muſt 
one day be found to be ſo, and will fave others 
ſome part of the labour and pains which it has 
coſt me for ſome years paſt to come at thoſe 
truths. Cs | : 

- But if any gentlemen of the Society think 
thoſe papers unintelligible, or deficient in ex- 
plaining the truths which they contain, I ſhall 
be greatly obliged to them if they will farniſh 
me with their objections or obſervations, by 
letter, and I will return the moſt ſatisfaQory 
anſwer in my power; and I believe I may 
ſet the matter in a better light now, than 
when I wrote; for I have had great experi- 
ence in electricity ſince I wrote thoſe letters. 

I know I have mentioned many experi- 
ments, in my papers, which may appear very 
improbable, if not impoſſible, to many gen- 
tlemen who have made electrical experi- 
ments; but I ſolemnly affure you, that I have 
not mentioned one which I have not repeat- 
ed an hundred times; nor did I mention 
them with any other view than that it may 
be known, when others come to make = 
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like experiments, that I was not ignorant of 
ſuch matters when I wrote thoſe papers. 
But, my lord, I have ſince performed much 
more ſurprizing experiments on the human 
body, merely by the electric powers, in cu- 
ring many paralytic and rheumatic caſes, the 
cure of agues, chloroſis, and other diſorders. 
And ſome of thoſe cures were of ſo extraor- 
dinary a nature, and out of the power of the, 
known materia medica, that our phyſicians: 
here looked upon them as little leſs than mi- 
raculous; and in all theſe cures I have been 
enabled, from what I know of electricity, to 
proceed from a reaſoning a priori, which I 
think nobody elſe has done in the application. 
of electricity to medicinal uſe; at leaſt I have 
not met with any account of it. For all the 
attempts to cure diſorders by electricity, which. 
are mentioned in the Philoſ. Tranſac. appear 
to me to be made without any previous ra- 
tional deſign; and accordingly, they have 
done harm as well as good; and I believe 
that the accounts of miſchief done would be 
more numerous, if all were as honeſt to con- 
feſs it, as the gentlemen who have told of. 
their diſappointments; for I know that great 
miſchief may be done by a wrong application 
of GPS in a medicinal way, and there- 
fore gave a hint to the unſkilful, not to at- 
tempt the uſe of it, in my laſt paper to the 
But I alſo know, that when it is rationally 
applied, that it may be the moſt powerful 
N medicine, 
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medicine, in many caſes, that has ever been 
diſcovered ; which T have ſufficiently experi- 
enced for ſome years paſt. ds 

I offered to give ſome accounts of this mat- 
ter to the Royal Society; but as T did not 
hear from the Society, I ſuppoſed that they 
were not thought acceptable. OO 
© Though I fear that I have already tired 
your lordſhip's patience, I cannot forbear ex- 
preffing my furprize- at the unwillingneſs of 
ſome gentlemen to admit that electricity con- 
fifts of two different diſtinct elaſtic mediums, 
fince it may be demonſtrated by almoſt every 
eleQrical experiment ; and that there is not 
one ſingle phænomenon, arifing from electri- 
cal experiments, which can be fully explain- 
ed without it. And it is the more extraordi- 
nary, as J find it has been thought all along 
that there were two kinds of electricity, but 


that they ſubſiſted in different matters, as 


glaſs and reſins, &c. and this as early as Mr. 


Du Fay ; and Mr. Muſchenbroek has expreſsly 
ſaid, that there were two kinds, and that any 


body may be endued with either kind, but 


that nobody could be in poſſeſſion of both to- 


gether : in which this gentleman was fo far 


miſtaken, that it is impoſſible to ſeparate 


them entirely in any body. Mr. Benjamin 
Franklin gives another doctrine, which has 


been followed, and fays, that glaſs throws 
out the electric fire, and that reſins drink it 


in; that is, that glaſs can ſuperadd to any 


body a greater quantity of electric fire than 


its 


7 
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its natural ſhare, and that reſins can take part 
of its natural 1 from any 8 ; Which. he 
calls. poſitivg and negative electrifying; and 
ju {cs that bodies repel each other the mo 

the more they are diveſſed of their ng 
ſhare, in the ſame manner they do when 
there is an addition to their natural ſhare, 
With, deterence to that i ingenious gentleman, 
] can't forbear. thinking it an odd way of rea- 
ſoning, to think that bodies ſhould Tepel * 
other the more, the more they are diveſt 

of the repelling power: but this is all a miſ⸗ 
take; for: glaſs neither throws it out, nor 
does wax drink it in; for in their natural 
ſtate they are both endued _ an, equal 
ſhare of both the powers; 1 5 powers 
are brought into ſenſible 5 encreaſ- 


ing one power and leſſening the other; ang 


then the encreaſed power expands itſelf into 
an extenſive atmoſphere, which we call elec- 
tricity.; and either power may be encreaſed 
on the wax or on the glaſs; that is, I can 
make the glaſs cylinder 400 as wax commonly 
does; and when the wax cylinder acts as 
glaſs, and almoſt as ſtrong as glaſs; in the 
ſixth part of a minute ] can make it act as 
wax again, and this with the ſame rubber; 

or, with a large Pers, of ſealing- wax, with 
the ſame rubbing, I can, electrifß a piece. of; 
bog-dowrn, aden ii dr. with either af 
powers, and then withdraw that power 
Wach Ge! the fame wax, and. . — it with =p 
Stead as and thus 250 wen as Knee 


[ 82 
and a ſpectator ſhall not perceive any differ- 
ence in my manner of touching the down 
with the wax, to give either one power or 
the other, as he pleaſes to direct: now this 
is a full demonſtration that both powers do 
exiſt without fide the wax; or how is it poſ- 
ſible for me to electrify with which ever 
power a ſpectator pleaſes to chooſe? Theſe, 
and a great number of other experiments, 
winch de nonſtrate, to the meaneſt capacity, 
the exiſtence of theſe different powers in all 
bodies, I have ſhewn to hundreds of gentle- 
men, who. can atteſt the truth of what I write, 
if required. And in my letter of the 14th of 
February, 1758, I have given experiments, 
which, if carefully examined, will ſufficiently 
prove the doctrine of electricity which I have 
therein given: but if any gentleman is of 
the contrary opinion, I will ſubmit to this 
trial : that if he can point out any one known 
phænomenon ariſing from electrical experi- 
ments, which I cannot fully explain by this 
doctrine; or if he can produce any one ſin- 
gle phænomenon, which he can fully explain, 
without admitting of two powers in electri- 
city; I will ſubmit and confeſs my igno- 
But I muſt beg that this diſquiſition may 
be carried on by letter; and theſe letters 

ſhall be faithfully laid before the Royal Socic- 
ty, if the gentleman pleaſe, that they may 
judge on whoſe ſide truth reſts. I chooſe this 
_ epiſtolary correſpondence, becauſe my life is 
| — 


Oo TY 
too far advanced to wait for anſwers publiſh- 
ed in the Philoſ. Tranſ. which muſt come 
late, or perchance never reach my hands. 
2 believe A is unneceſſary to ſay any 

ing more on the importance of this enqui- 
ry, to aſcertain general laws by which the ac- 
tions of theſe general principles of motion 
may be explained; and therefore I ſhall con- 
_ clude, in requeſting your lordſhip, that 1 
may have the honour of one line, to let 

2 know that this letter gets to your hands. . 


Vour Lonpsury's, 

Moſt humble and _ 
ma-ſt obedient ſervant, _ 
fe ___ Henny Exuns, 
To the Right Honourable 

George, earl of Mac- 

clesfield, Preſident of 


| the Royal Society. 
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* * My. Printer EIS me, — 
the printing of the foregoing 
1 —— would be a New pa 
blank at the cloſe of thoſe letters; 
Iam therefore willing to fill them 
with an experiment or two, for the 
_ farther illuſtration of the how whe: 
0 of the electric powers. TY 


Ix vir to the vnler part of a coated 
bottle, ſo that the point may ſtand up- 
Acht; and on that int place the needle 
with the reverſed points. Place this bottle 
on an electric ftand, with a communication 
from the conductor. All the time the bottle 
is charging, the needle will turn; but when 
the bottle is charged, the needle ſtops. Then 
touch the top of the bottle with your finger, 
of any conductor, and the needle will turn 
till the bottle is diſcharged. Now while the . 
bottle is charging, if you touch the 2 

with a piece of bog-down ſuſpended. by ſilk, 
you ll find it electrified by the vitreous power, 
which flies off i in exchange for the refinous 
power drawn in from the air to the outſide 
of the bottle; and while the bottle is dif- 
charging, if you touch the down in the ſame 
manner ta tlie heedlle, you'll find it eleQrified 
28112 & with 
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with the reſinous power, which flies off from 
the outfide of g LSE ge for the 
vitreous power drawn in throu e points 
from the air; while the vitreous e 
the inſide of the bottle makes the ſame ex- 
change for the reſinous ae through your 
finger, to make theſe different powers equal 
oo other, withinfide and mans ry the 


Biz 3 Leyden bottles 05 * . 
ſtand, with their coatings in contact; and 
while u charge one from the conductor, let 
N on the floor touch the top of the 
other — his finger; you'll find the 
firſt Bottle charged with the vitreous er 
inſide, and the ſecond with the reſinous power 
infide. Now the exchange here is evident; 
for while the reſinous power from the inſide 
of the firſt bottle changes place with the vi- 
treous thrown in from the conductor, the vi- 
treous, from the coating, changes. place for 
fo much of the reſinous from the coating of 
the ſecond bottle; and the vitreous in that 
bottle changes place for ſo: much of the reſin- 
flo power drawn in thropgh the man on the 

1 

oi could caſily furniſh experiments ſaſh- 
cient to fill a great deal of paper; but I ſhall 
only mention one or two which I often made, 
und have ſhewn to many gentlemen verſed 
in this ſcience, which perhaps may puzzle 
the writers on this ſubject: but whoever can 
make them, muſt 6! will underſtand my 
doctrine e and plainly deen 

that 
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that all that has been ſaid about paſitive and 
negative electricity, or a plus and minus of 
the ſame power, has been. to little 

and only ſerved. to keep men in the dark 
Se eee 
0 ve a inti mo W 
with the ſame rubber, I can make throw out 
the reſinous or vitreous power, and electrify 
other matters with each power as often. as I 
pleaſe; and generally I can charge theſe 
powers in one revolution of the globe; but 
py eg an ae rowletions: . never fail to 

it. oy. 

I have another glaſs globe intirely ſmooth, 
ſupported by one glaſs neck, from the equa- 
torial line of ah globe I can electrify with 
the reſinous or vitreous. power as I think Jo 
per, without applying a 1 rubber 
to the globe, Io any Sion from the things 
to be electrified; and what is more, I can 
electrify two things with oe pee | 
6 il Gargive ue, d. 

m ers W not 
explaining aſs experiments, till I ſee who 
can make them, and explain them by the 
doctrine of poſitive and negative el, 
Or a 
; EE ſeen Mr: Prie 


Kley ed, for 

improving and methodizing the theories of 
Mr. 1 1 Symmer ; I muſt ob- 
ſerve, that Mr. Day never thought of the 
co-exiſtence. of theſe different powers in all 
bodies, nor even Mr.. Muſchenbroeck; long 


after him; therefore, there was not any 
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theory of Mr. Drfay's to be methodized- 
[Theſe papers will appear to have been wrote 
to the Royal Society; before Mr. Symmer 
thought any thing of the matter; however, 
as far as he has gone, he was right; and 
IE think that Mr. 'Prieſtiey has made too 
much of a trifling 2 to what Mr. 
Smmer has ſaid, that any man, from 
his on ſenſations, would be convinced 
that the powers came in oppoſition from 
both ſides of the bottle, by feeling a flight 
ſhock: in his wriſts, a ſtronger in his elbows, 
and ſo on. Mr. Symmer did not ſay that 
theſe powers did not cireulate through the 
body; but, that this ſenſation would ſhew 
their different direction: And, an explana- 
tion of theſe different ſenſations depends 
on a knowledge of anatomy, and the acti- 
on of theſe powers on the different parts 

which, it is poſſible; that both Mr. Prieſtley 
and Mr. Symmer may be- ſtrangers to. But 
this objection was only a pretext to mend 
Mr. Symmer's diſcoveries Now, I believe it 
will Feine Kays erp to any gentleman, who 
does me the honour to read theſe papers 
with attention, that the only theory which 
Mr. Prieftley could have methodized; muſt be 
what he took from theſe papers; if an hy- 
potheſis can be ſaid to methodize a doctrine 
which was clearly proved by experiments, 
ten years before: But I would afk which 
of Mr. Prieftley's own numerous experi- 
ments, or — experiments of any other 
man 3 has — by bis — 


3 1 
or how he has ſupported this h theſis, 5 "£ 
whence he took it? For, he bypot prod. 
ced a ſingle experiment in aid of it, 65 ſhew _ Frog 
the exiſtence, or N of acting of theſe 
different ee Or, Iwould a "OT 2 


. 
i by 


—.— or, —— would hays 3881 5 =. 7 
| on that + i \- without any. other * 3 
So. that 1 think, Me. Prieftley ma ar, 


own from. whens whence. he framed his hypotheſis; 
for, aft 3 theſe papers, I believe 3 
that Bis b 0 will not 7 25 found of any TEST 


great aſe. * Mes Prieſtley! has artfully ſhut 
me out of his hiſtory of. cdeqricty; ; Non 
alf theſe papers. were addreſſed to o the Royal 
Og of WER member; and it 
: the fol of 8 9 * 
t pe to yy the Electric powers were the 
temps of thunder; was app Se by that Ye. 
ciety ;| and is the ont attempt, 11 thek kind. 
which ſtands reco Tg 2 7 . — qpbical 25 oF * 
Taander "As 11 4 m_ with n 
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